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DEVELOPMENT OF PRESTRESSED CONCRETE IN 
BRIDGE CONSTRUCTION 


By J. C. RunpLEtTT,* Member 


[Presented at a meeting of the Structural Section of the Boston Society of Civil Engineers, held on 
May 11, 1955.] 


THE acceptance of a new design is generally not universal unless 
there is the urgent need of it for practical or economic reasons. Hence, 
development in one country will lag behind that in another and devel- 
opment within a country such as ours will not be uniform for the 
same reasons. 

Thus, in prestressing, Europe and South America have made the 
greatest strides in this field spurred on by the scarcity and excessive 
cost of structural steel and the abundance and cheapness of labor. 
In this country the initial development was in the northeast during a 
critical material shortage, but the greater development is now in the 
south and west where the use of structural concrete is more universal 
and where 36” wide flange steel beams are not so readily available. 
This is largely true in the California area where these members are 
not rolled and consequently must be shipped in from the east when 
needed. The natural tendency in that area, because of this and the 
climatic conditions, is to the extensive use of concrete and thence to 
the greater use of prestressed concrete. 

This is not to say that concrete is not suitable to the widely 
changing climate of the northeast—it is—but there are other climates 
where exposed concrete can be expected to have a longer life. For in- 
stance, our New England climate is not suitable for the use of con- 
crete piles in sea water, but Florida uses them successfully in all 
their long trestle work; therefore, the development and the use of 
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prestressed concrete piles in that area is as natural as the greater 
development of prestressed bridges. 

It cannot be expected that prestressed concrete will be univer- 
sally to bridge construction what it is hoped that the Salk vaccine 
will be to infantile paralysis. 

Public ‘agencies, such as the Department of Public Works in 
Massachusetts, have done much to lead in the development and test- 
ing of prestressed concrete, and their experience has been of a great 
benefit to the entire building industry. Public agencies can more 
easily experiment in such work because they are both the engineer 
and the owner, an enviable position. The public engineer has only 
his own department head to convince that such work is practical and 
that it has a future. He does not have to exaggerate to investors 
that there will be a 10 per cent return on the first installation. He 
has only his conscience to convince that this is a safe material, that 
the anticipated cost is not too great, and that continued use will 
reduce the cost to a competitive level. 

The use of prestressing in bridge work is by no means limited 
to new construction or, for that matter, to concrete. Inadequate 
structural steel floor beams can be cheaply strengthened by pre- 
stressing with cables or rods on each side of the lower portion of the 
beam, with the force applied against a plate welded to the end of the 
floor beam. 

Inadequate concrete T-beams can be similarly strengthened to 
raise their capacity to the required loading (Figure 1). Such pre- 
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Fic. 1—Meruop or IncrEAstnG Capacity oF CONCRETE TEE BEAM BY PRESTRESSING. 


stressing against an end plate and at a predetermined distance near 
the bottom of the beam can, if necessary, reduce the dead load stress 
in the reinforcing steel to zero and greatly reduce the compression 


in the top flange of the T-section, thus making available that stress 
range for live load. 
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In the prestressing of the concrete T-beam, tension may be de- 
veloped in the upper ends of the beams, but you will recall that 
most older designs required about half of the bottom steel in a con- 
crete beam be bent up and carried to the ends of the beam. This 
bent-up steel is in the convenient position then of being able to take 
the induced tension. 

Prestressing is a fascinating phenomenon and its use seems un- 
limited. Witness the construction of Europe’s longest suspension 
bridge to be built over the Rhine River in Germany. This unique 
structure, which was written up in the April 7, 1955 issue of the 
Engineering News Record, has a length of 1,860 feet, and the floor sys- 
tem, which is made up of two exterior stiffening girders and interior 
stringers, was made composite with the concrete slab. Initially, the 
stringers were tensioned in such a manner that compression was in- 
duced in the stiffening girders. The continuous concrete deck was 
poured, the tension in the stringers was slowly released, and finally, 
after about three months, when the shrinkage and plastic flow of the 
concrete had practically terminated, the stringers were subjected to 
compression, putting tension in the stiffening girders. In the final 
state, only bending moments put stress into the girders. 

In addition, the concrete slab was prestressed with rods, both 
longitudinally and transversely, thus preventing any cracks in this 
long and wide jointless slab. 

Development in this country has been, to a large extent, inde- 
pendent of European practice, one notable exception being the Walnut 
Lane Bridge in Philadelphia. The Magnel method stressing was used 
on this bridge where the wires are stretched two at a time and fas- 
tened with metal wedges. 

Following the natural tendency of American engineers the casual 
comment was that there must be cheaper ways of post-tensioning 
stressing without having to stress the wires individually. In Europe, 
further developments had been made along this same line. 

In England, Lee-McCall developed a cold worked high-tensioned 
rod with an ultimate strength of 145,000 p.s.i. These rods, which 
-are available in sizes up to 11%” in diameter, have tapered threaded 
ends and nut fittings which will develop the practical strength of the 
bar itself. The Stressteel Corp. of Wilkes Barre, Pennsylvania, has 
since taken over the manufacture of these rods in this country and 
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are now in the process of developing a swedge fitting to replace the 
nut. 

Freyssinet also developed a relatively inexpensive reinforced cone 
which allowed the stressing and anchoring of twelve 0.196” wires in 
one operation. 

In America, Reobling developed a fitting for their bridge strands 
which made possible the stressing of the multitudinous wires in a 
1-9/16” diameter cable at one time. These cables have an ultimate 
of 200,000 p.s.i. 

The Prestressed Concrete Corp. developed a method of stress- 
ing six 0.25 inch wires by threading the wires through holes in a 
round washer with the head of the wires cold pressed into a button 
head which bore on the washer, thus allowing six wires to be stressed 
in one operation. 

Another development along the same line was the cold working 
of two button heads, one at the end of the wire for the stressing 
operation, and the second near the end for anchoring. 


A more recent development of rods has been made by the Ten- 
chen Corp. of Boston. These rods, having an ultimate of 180,000 p.s.i., 
are heat treated with upset threaded ends which are rated at least 
17.5 per cent stronger than the bar itself. The upsets are provided 
with standard threads and high tensile heat treated nuts. Because 
of limits imposed by the method of manufacture, the bars are avail- 
able only in shorter lengths and have to be coupled for long spans. 

Rather than continuing with long span structures, as might have 
been expected, the engineers in this country almost immediately con- 
centrated on the design and production of smaller spans, probably 
with the thought uppermost in their minds that this is a production 
country, that to be sold it must be competitive, to be competitive 
it must be mass produced, and when mass produced it must be trans- 
portable. 

The first United States Conference on Prestressed Concrete held 
at M.I.T. in 1951, with its open discussions of extensive European 
experience and practice and the more limited American developments, 
stirred the imagination of those in attendance to at least experiment 
with this new structural phenomenon. 

The shortage of structural steel for bridges at about the same 
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time gave the added incentive needed, and so the way was paved for 
the first new reinforced concrete design since the rigid frame came 
into prominence about 30 years ago. 

Since 1951, with few exceptions, the development has continued 
in the moderate length transportable-sized beam class, trying out all 
various type of stressing elements, experimenting with pretensioning 
and post-tensioning, and with combinations of both, combinations of 
longitudinal and lateral prestressing, all seeking the simplest, cheap- 
est and most practical method of stressing and the most favorable 
shape to obtain the lightest weight of beam. 

Before proceeding with representative examples of prestressing 
I would like to speak briefly on design criteria, design details, and 
testing by the Massachusetts Department of Public Works and the 
Massachusetts Institute of Technology. 


DESIGN CRITERIA 


The only design criteria published to date in this country has 
been issued by the Bureau of Public Roads. The first specification 
for design was formulated by that organization in November of 1951. 
This was followed by a more complete specification in March of 
1952 and by the most recent in the latter part of 1954. The earlier 
publication covered only post-tensioned design, while the latest in- 
cludes specifications for pretensioned work. 

A joint committee of delegates of the American Society of Civil 
Engineers and the American Concrete Institute is now working on 
a Manual of Prestressed Concrete which will cover design and con- 
struction for both bridges and buildings. This is being written from 
the composite experience of all those who have been instrumental 
in its development and who have worked on its design, construction 
and testing. 

The following table shows a comparison of the design require- 
ments between the 1952 and 1954 Criteria. 

Thus, it can be seen that the tendency has been to increase the 
allowable stress in the steel, to allow higher strength concrete, to 
increase the allowable initial stress in the concrete, to omit the crack- 
ing load requirements, and to decrease the ultimate load require- 


ments. 
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PRESTRESSED CONCRETE DESIGN CRITERIA FOR BRIDGES—AASHO 


POST-TENSIONED 


1952 1954 

Concrete strength f’c = 4000 Not stipulated 
Initial compression stress OSC OPES) sees ies 
Initial tensile stress 0.04 f’c O:05. het 
Design stress after creep 

and shrinkage 0.4 f’c 0.4 fc 
Tension allowed in ex- 

treme bottom fibre 0) 0 
Initial steel stress 0.6 f’c 0.8 f’s 
Loss due to creep, 15% 


shrinkage, etc. 


Cracking load 


Ultimate load 


Principal Tensile 
Stresses: 


Design Loads 


Ultimate Loads 


Stirrup Requirements 


Permissible tension 
Cis) ke s= CCG. 
C.L. at least equal to 
to 1) Da ee 


295 0) Tee Ea) 
or 
POsDe sess ie 


whichever is greater 


0.04 f’c 


0.5 modulus of rupture. 
If stresses exceed the 
above, stirrups are to 
take total shear. 

3g” stirrups required 
regardless of stress, 
spaced not to exceed 
Y% depth of beam. 


3000 + 11 fcs ** 
+ 0.04 fsi  *#* 
Omitted 


D.L. + 3 LL. 

or 
2 (DL. + LL.) 
whichever is greater 


0.03 f’c to be carried by 
concrete, and excess by 
stirrup. 

Without stirrups 0.08 
f'c. If this stress ex- 
ceeded, stirrups are to 
take total shear. 
Stirrups recommended, 


spaced not to exceed 
34 depth of beam. 


*f’ci ultimate cylinder strength of concrete at time of prestressing (p.s.i.). 


**fcs concrete stress at centroid of prestressing steel (p.s.i.). 


***fsi initial prestress (p.s.i.). 
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Undoubtedly, there will be further modifications in the Manual 
now under preparation, and the Bureau’s criteria will then, no doubt, 
be revised to conform. 

DESIGN 


One of the important features of prestressed design is the fact 
that the initial stresses induced at the time of prestressing are never 
again exceeded except under heavy over-loads. 
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Figure 2 made for the Hale Street Bridge indicates the stress 
stages in these beams under various conditions of construction and 
loading. 

For the concrete, the initial compression stresses are 1877 p.s.i. 
in the bottom flange and 227 p.s.i. in the top flange. After allowance 
for shrinkage, creep, etc., the bottom flange is reduced to 1483 pS, 
and the top flange stress is increased to 323 p.s.i. With the pouring 
of the slab the compression in the bottom flange is 910, and in the 
top 1043 p.s.i. (aah 

With the surfacing and design live load the compression in the 
bottom flange is reduced to 32 p.s.i., while in the top flange it is in- 
creased to 1398 p.s.i. With the application of two live loads there 
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is tension in the bottom flange of 675 p.s.i and the compression in the 
top flange is increased to 1684 p.s.i., which is still about 200 p.s.i. less 
than the initial compression stress in the bottom flange. 

The initial stress in the steel at the time of stressing is 130,000 
p.s.i. After loss of shrinkage, creep, etc., this stress is reduced to 
110,000 p.s.i. With the poured slab and surfacing added, the stress 
in the steel is increased to 119,000 p.s.i. under the design live load, 
and to 123,000 p.s.i. under two live loads. 

This is a simple demonstration of a manufactured beam which 
is prestressed well beyond twice its live load design during its con- 
struction. If there are then no visible defects or failures in the beam 
or in its prestressing elements there will be none under normal live 
loads or in loads far in excess of normal. 

The Department’s designs have been very conservative, and I 
believe in the initial stages of such work that they should be. In the 
light of our experiences and tests and in view of the new specifica- 
tions, our costs of this work can be materially decreased. 


DIAPHRAGM DETAILS 


Diaphragms are required on all prestressed work but, because of 
the necessity of having uniformity in precast members to make their 
production economical, the tendency is away from the requirements 
that they be placed at right angles to the beams except on a square 
bridge which, incidentally, is now an oddity. 

In our early structural designs, diaphragms were believed to be 
of the utmost importance, that they must always be at right angles 
to the beams and that they should be made up of heavy beam sec- 
tions with a depth of not less than 6” less than the depth of beam. 
It was felt that these members were the prime distributors of the 
loads from one beam to the other. 

Subsequent tests have minimized the importance of diaphragms 
and have proved that the slab is an adequate distributor. Thus, the 
diaphragms become, in effect, more of a construction brace, and the 
skewing of diaphragms is then acceptable in prestressing. 

On our Route 1 work the New England Concrete Pipe Company 
developed a cylindrical diaphragm stub at the diaphragm location 
which can be rotated to fit the skew of the bridge, thus obtaining 
the desired uniformity of details. 
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TESTING 


As a part of our co-operative research program with the Massa- 
chusetts Institute of Technology many tests have been run, both at 
the Institute and at the New England Concrete Pipe Company, on 
beams selected from our different projects and on small-scale beams. 


On the Endicott Street project at Danvers, three beams were 
tested, two with unbonded steel and one with bonded steel. You 
will notice from the load deflection diagram of these tests that up 
to the point of cracking, these three beams behaved in an almost 
identical manner but that beyond this point the bonded beam showed 
less deflection. This behavior convinced us that post-tensioned work 
should always be grouted in bridges because of the ability of that 
type of beam to withstand better the effects of overloads, and fur- 
ther, because of the added protection of the steel against corrosion. 


On the Newbury-Newburyport project, one beam was selected 
from each of the four bridges constructed. Loading to simulate live 
load and the dead load of the surfacing was applied at the third 
points by means of two hydraulic jacks (Figure 3). Loads were ap- 
plied in stages in each test to a point beyond the cracking load, the 
loads were then released to zero and then re-applied till failure. 

Cracks as they appeared on the beams are indicated on the 
curves of Figure 4 by numbers under the load at which they occurred. 
You will note in all cases that they are far above the qualifying con- 
dition of two times the live load. The appearance of these cracks 
was noted by an observer and checked with a sonoscope by placing 
the poles diagonally on opposite sides of the bottom flange near the 
point where the crack was expected to appear. 

Strain gauges were not used in these latter tests except on the 
Lee-McCall bars. A controversy had developed because of the brittle- 
ness of this type of steel, of the effect of notch action in the threads, 
and of the possibility of greatly increased stress in the bars by eccen- 
tric loadings due to inaccuracies in the setting of the bearing plates. 
Also, while it was known under normal loads that the stress in the 
bars and fittings would never exceed the initial stresses, the effec- 
tiveness of bond by the grouting of a smooth rod was not known. 

Four SR4 strain gauges were attached to the four bottom bars 
near the end plate and as near the nut as possible to measure the 
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changes in stress at this point as the loads were applied. These 
gauges indicated that the grouting did give sufficient bond to the 
extent that there was no change in stress at the ends until the loads 
had reached the equivalent of four live loads. At this point the bond 
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in one bar became ineffective, the stress increased rapidly, and the 
member failed through the threaded portion just inside the nut. Un- 
fortunately, the test was then stopped. We regret now that it was 
not run to destruction. 

Tests run at M.I.T. on 0.6” diameter strands further indicated 
that bond achieved either by grouting or by tensioning the strands 
prior to casting and supplying end anchorage for the strands after 
release increased the strand efficiency and ultimate moment by 20 
per cent. 

A further test was run on a composite steel beam and a slab, 
with the same span and design conditions as the Freyssinet prestressed 
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beam to compare the action of these two designs. Both load deflec- 
tion curves have been superimposed on Figure 5 showing an inter- 
secting comparison, and indicating that the prestressed design was 
superior in withstanding extreme overloads. 
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Fic. 5—CoMPARISON OF LOAD TESTS—PRESTRESSED CONCRETE BEAM—COMPOSITE 
STEEL & CONCRETE BEAM. 


The most impressive results of these tests were the flexibility 
of a prestressed concrete beam, commonly thought to be a rather 
rigid member. The Scotland Road Bridge, with a span of 65 feet and 
designed for an H20 S16 loading, had a total deflection of 28” at fail- 
ure. The Freyssinet beam, with a span of 64 feet and designed for 
H20 loading, had a total deflection of 24”, while the Lee-McCall 
beam, having a span of 58’, and the Prestressed Concrete Company’s 
beam, having a span of 59’, and both designed for H20 loading, had 
a deflection at failure of about 16”. 

The next most impressive result was the almost complete recov- 
ery of the beam after the application of about four live loads and the 
complete closure beyond recognition of any cracks. 
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These tests, I believe, do not particularly indicate any advan- 
tage of one system of prestressing over another, but they do prove 
beyond any question of doubt that prestressing is an excellent bridge 
material, that it is structurally sound, and that no one need have any 
qualms about using it. 


EXAMPLES OF PRESTRESSED BRIDGES 
Turkey Creek Bridge 


I believe that the first prestressed bridge in the United States 
that was open to travel was the Turkey Creek Bridge in Tennessee, 
designed by Bryan & Dozier and built in 1950. This bridge was of 
precast block construction similar to the wooden block models used 
to illustrate prestressing. In this type of design, generally three 
types of blocks are required; the end or bearing blocks; the inter- 
mediate blocks, which retain the cables in position near the bottom 
of the beam until they are bent up; and the standard plain blocks. 


John R Bridge 

Another similar design to the Turkey Creek Bridge is the John R 
Bridge designed by Johnson & Anderson and built over the Red River 
Drain in Michigan in 1951. On this bridge the blocks were con- 
structed with lips and the space between blocks filled with grout. 
All bridges of this type are stressed with cables after the grout has 
sufficiently set. Spans have been constructed up to about 32’ and a 
continuous bridge has been built by using reinforcing steel in the 
poured slab over the supports. 

This type of construction has been very economical and has 
many advantages, but has not been used extensively. There is still 
a reluctance to accept beams that are not poured monolithically and, 
for my part, I feel that they do not have a place in our climate. 

Block construction is the reason for the omission of a cracking 
load requirement in the most recent specification because, in this 
type, computations for cracking are largely meaningless. 


Tennessee 


Michigan 


Wyoming County—New York 

A later development of multiple units in a beam has been made 
by Mr. Felix Ramsey, Superintendent of Highways in Wyoming 
County, New York, in an effort to produce beams using his own 
limited forces and equipment. 
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For ease of handling, each beam is precast in three sections with 
the size of the unit limited by the capacity of his cranes. Each in- 
dividual section is reinforced sufficiently to allow handling and trans- 
porting. 

The longest span which he has developed to date is 52 feet, and 
was cast in about 17’ lengths with two end units and one center unit. 
The section is T in shape, 3’ deep and has a flange width of 30”. 


Each section is poured against the other in the shop to insure 
an accurate fit in the field. The precasting is done indoors in the 
winter season and stored there until time for erection. The units are 
then taken to the site, placed in position on the abutments and on 
two temporary bents, the wires are threaded through pipe sleeves, 
stressed, anchored and grouted. The Freyssinet system is being 
used. 


Arroyo Seco Bridge—California 

The Arroyo Seco Pedestrian Bridge was built in California in 
1950. This structure has a span of 110’, a width of 8’ and is the 
west’s first prestressed bridge. The beams are 5’-8” deep, with 10” 
webs, were cast on the adjacent roadway and moved into place with 
three cranes. The stressing was done by the Prestressed button head 
method. 


Walnut Lane Bridge—Philadelphia 


The first bridge placed under construction in the United States 
was the Walnut Lane in Philadelphia, which was completed in 1950. 
It contains three simple girder spans, a center span of 155’, and two 
end spans of 74’ each. The girders are I-shape, 79” deep with 52” 
flanges. In the center span the flanges are butted, but in the end 
span the beams are placed 8-8” on centers and the slab poured in 
place. As noted before, this bridge was tensioned by the Magnel 
method, two wires at a time. The beams were cast on falsework at 
the bridge site and were moved horizontally into position on the 
foundation. 


Endicott Street Bridge—Danvers 


In the fall of 1951, Massachusetts started construction on the 
first prestressed bridge to be built in northeastern United States. 
This was the Endicott Street Bridge in Danvers over the Boston and 
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Maine Railroad. This bridge has a span of 27’-414”. The beams are 
of an inverted T-shape with the bottom flanges butted and the area 
between and over the webs filled with concrete, making in effect a 
composite slab. The beams are 14” deep with a 12” flange and were 
stressed with three 0.6” galvanized wire strands, two straight and 
one parabolic, and all unbonded. The 47 beams were cast in the 
Providence shop of the New England Concrete Pipe Company, about 
65 miles from the bridge site. They were transported by truck over 
the road and erected all in one day. 

The particular advantage of this type of bridge is that no false- 
work or forms are required for the pouring of the deck slab except 
as may be necessary for the copings and curbs. 

While this type of beam has not been extensively used on bridge 
work it was used with pretensioned strands on Pier 57 in New York 
very successfully. 


Pretensioned Beams—Pennsylvania 


In 1951 the Concrete Products Company of Pottstown, Pennsyl- 
vania, having previously manufactured precast inverted channel- 
shaped units, conventionally reinforced, became interested in pre- 
stressed concrete. Their natural] interest was in production and they 
became convinced at the start that only by pretensioning could pre- 
stressed work be mass-produced and made competitive. 

Pretensioning requires the setting up of a long bed with end 
blocks, against which the multiple wires or strands which extend 
the full length of the bed can be stressed. The concrete is then 
poured around the stressed elements into as many beams as can be 
accommodated on the bed. 

With the time element still in mind, the concrete is cured by 
the vacuum process and when it has reached a predetermined strength 
the jacks are released and the wires cut, thereby transferring the in- 
_ duced stress in the strands to the concrete. The net result is a pre- 

stressed beam produced with the minimum of fittings, fixtures and 
man hours. 

The beams which they now produce, Figure 6, are standardized 
with a 3’ width and are butted when in place on the foundation. In 
order to save concrete, and consequently weight, the beams are hollow. 
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For spans 18’ to 36’ in length, beams 17” to 21” in depth are 
used, and for spans from 38’ to 50’, 33” depth beams are used. 

In the initial development of pretensioning 14” strands were 
called for, but the tendency now is to increase the size, thereby re- 
ducing the number of units required. The size has been increased 
to 34” with an occasional 7/16”, and the limit, of course, will be that 
size which can adequately and safely develop the bond of these high 
stress units. 


SPAKS: 18'- 36 


Fic. 6—TypicaL PRETENSIONED BEAMS. 


Beams 36” deep are now being produced, and plans are being 
made for beams 42” deep and 70’ long. 


Florida—Tampa Bay 


No paper on prestressing would be complete without a reference 
to the original Tampa Bay Bridge in Florida which was the first and 
best example of mass-produced prestressed concrete units for bridge 
work in this country. 

Florida is the ideal location for concrete pile trestles and their 
lengths are measured in miles rather than in feet. The prestressed 
work on this particular bridge is part of the 15-mile long causeway 
linking St. Petersburg and the West Coast of Florida. The struc- 
ture has a roadway width of 28’ and two 3’ sidewalks. 

Over three miles of this bridge is of prestressed construction and 
it is divided into four sections, one of 5800’, one of 10,900’ and two 
of 325’ each, with spans of 48’. 2,178 beams were required. 
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Six casting beds, each large enough for the manufacture of 12 
beams, were constructed on a spit of made ground projecting into 
Tampa Bay. These beds were arranged for a continuous operation of 
casting and stressing. The beams were cast, the forms removed in 
one or two days and transferred to another bed, and the beams 
stressed on the seventh day if the cylinder breaks indicated 4,000- 
pound concrete. The beams were stressed with Lee-McCall bars, then 
loaded onto barges, towed to the site and transferred to the bents 
with a floating crane. 


Newbury-Newburyport Bridges—Massachusetts 

Massachusetts has to date constructed 7 Prestressed Bridges in- 
cluding the one on Endicott Street. The other six made use of an 
I section with this type of beam substituted for a steel I beam of 
about the same depth and spacing and calculated for composite action 
under live load. All of the beams were manufactured by the New 
England Concrete Pipe Company. 

Of particular interest are the 4 bridges built on the Newburyport 
Turnpike in Newbury and Newburyport, each making use of a differ- 
ent type of stressing element. 


Fic. 7.—Cross SEecTION—HALE STREET BRIDGE. 


All the beams are of I shape, Figure 7, having a bottom flange 
width of 24”, a top flange width of 20” and a 6° web. Three have a 
depth of 3 feet and were designed for H20 Loading while the fourth, 
the Scotland Road Bridge, had a depth of 3’-8” and was designed for 
an H20 S16 loading. The general spacing of beams is about 4’-6”. 

The Scotland Road Bridge carrying Route 1 has a span of 65’ 
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and contains 24 beams stressed with three 1-7%” strands furnished 
by the American Steel & Wire Company. The Hale Street Bridge, 
having 2 spans at 64’ contains 18 beams stressed by the Freyssinet 
system each with 10 prestressing elements of twelve 0.196” diameter 
wires. The Storey Avenue Bridge having 2 spans at 58’ contains 36 
beams stressed by the Lee-McCall system using four 11%” straight 
bars and two 7%” draped bars. The Pine Hill Road Bridge having 
2 spans at 59’ contains 20 beams stressed by the Prestressed Concrete 
method using twelve 6-wire units of .25” wires. 

All of the beams were grouted. The original specifications called 
for a different type of enclosure tube for the wires and strands but 
the contractor used a flexible metal hose for all beams. This allowed 
the coiling of all the units in the hoses before shipment except for 
the Lee-McCall bars. 

For the 1-7,” strand, a 2” diameter hose was used; for the 
12 wires of the Hale Street Bridge, a 1%”; for the 11%” diameter 
and the 7%” diameter bars of the Storey Avenue Bridge, a 134” and 
114” respectively; and for the 6 wires of the Pine Hill Road Bridge, 
a 1%” hose was used. 

The sections cut from the various test beams bear evidence to 
the success of the grouting operation. 

These beams were fabricated out-of-doors during the colder 
winter months in a prepared bed and shelter. The bed, with width 
enough for 2 beams to be constructed at one time, was enclosed with 
two 4’ diameter concrete pipe side walls over which a sectional wooden 
roof was placed and the ends were enclosed in canvas after the pour- 
ing and during the curing. 

All the concrete was air-entrained high early with a strength of 
5000 p.s.i. and the beams were all steam cured. 

One set of steel forms was used in the early stages but after 
the letting of the Bridgewater contract for 24 more beams, a second 
set of forms was made. 

The diaphragm stubs on these beams as previously described 
were of a turret type and were spaced equally on all beams, and the 
end bearing blocks were identical so that the variation in the forms 
was only the length between the last diaphragm and the end block 
on all beams and for the depth on one. 
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The complete manufacture and stressing of a beam was on a 
2-day schedule with some interruptions. 

A cage containing all the reinforcing steel, stirrups and stress- 
ing elements was set up on one side of the bed so that no time was 
lost in the bed during the fabrication of this unit. 

During the pouring of the concrete both internal and external 
vibrators were used with the net result of perfect beams with no 
honeycombing, except on one beam made from a new shipment of 
cement which beam was subsequently destroyed and replaced. 

To say that the work progressed without incident would be far 
from the truth. 

The Lee-McCall bars which were shipped in bundles from Eng- 
land arrived unbundled and bent from careless handling. Most of 
these could be used but a few were replaced. Carelessness in stress- 
ing one of the first bars caused the bar to break and the jack to fly, 
breaking the operator’s leg. 

Many of the Freyssinet cones arrived in less than perfect shape 
and had to be replaced and some slipping developed after the stress- 
ing, but the amounts were insignificant. 

The cold formed button heads on the wires caused some concern 
because of longitudinal splits. The manufacturer assured us that this 
was not a weakness and failure of the wire and not the head on sub- 
sequent tension tests proved his point. 

While the cables for the Roebling Type were prestretched, the 
coiling of the cables in the tubes had disturbed the lay so that in the 
first stressing, the strain was not proportional to the stress. This 
difficulty was overcome by partial stressing and relieving before final 
stressing. 

On our coldest days, when the bed was uncovered, a crack de- 
veloped in the middle of the top flange apparently due to the rapid 
change in temperature. This crack in no case extended through the 
bottom flange and when the beam was stressed the crack closed com- 
pletely even though camber was induced due to the stressing. 

The beams were hauled over the road with one end on a truck 
and the other end on a dolly and in order to give lateral stiffness, 
two were shipped at a time. The carrier violated his hauling permit 
in length and in load and some time was lost in arranging for a 


new permit. 
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To cap the climax some one, probably a structural steel man, 
set fire to a load of hay stored under the Storey Avenue Bridge 
at 4:45 one morning (Figure 8). Some concrete was spalled on the 
beams, but load tests indicated that there was no structural damage 
and that the beams were satisfactory. 


Fic. 8—SrTorey AVENUE BRIDGE. 


It is in this manner that experience is gained and it is for these 
reasons that some people feel justified in letting others do the experi- 
menting. 

Briefly, I would like to describe a few of the odd shapes and 
methods that have been used in prestressing. 


Hubbard Street Bridge—Connecticut 


Connecticut’s first prestressed bridge was on Hubbard Street 
under the Hartford-Glastonbury Expressway. 

It has a span of 52’-6” and is 90 feet wide. There are 20 T-shaped 
beams in the section, each 2’-6-'4” deep with a flange width of 30” 
and a stem width of 15”. The beams are spaced 4’-6” on centers and 


are topped with a poured concrete slab which was prestressed trans- 
versely. 


DEVELOPMENT OF PRESTRESSED CONCRETE 313 


The superstructure contract was let separately and no specific 
system was designated, but the steel area, positioning and total ten- 
sioning force was given. The Freyssinet System was used. 


Atlantic Street Bridge—District of Columbia 


The District of Columbia’s first prestressed bridge was on Atlan- 
tic Street over the Oxon River. This bridge has a span of 74’-9” with 
provision on the deck for a 40’ roadway and two 6’ sidewalks. 

The nine beams in the structure are 3’-0” x 3’-3-14”, have a hol- 
low core, and are spaced 6’ on centers and are topped by a conven- 
tionally reinforced slab. 

The beams were cast near the site and were stressed by the 
Freyssinet System. 


West Mississippi Avenue Bridge—Denver, Colorado 


Another interesting development was the bridge built in Denver 
on W. Mississippi Avenue over the Platte River. This structure is 
a concrete pile trestle having 4 spans at 50 feet with provisions on 
the deck for a 40’ roadway and two sidewalks. 

The beams have tapered sides with a re-entrant seat for the slab 
and are spaced 9’-3” on centers. They are 3’ deep, 3’-6” wide, contain 
a 24” economy hole and were stressed by the Freyssinet System. 

The slabs are precast and pretensioned, and finally the struc- 
ture was laterally post-tensioned. 


Two similar examples of fairly long span prestressed construc- 
tion are the Willow Creek Bridge on the Columbia River Highway 
in Oregon, Shawan Road Bridge on the Baltimore-Harrisburg Ex- 
pressway in Maryland. 


Willow Creek Bridge—Oregon 

The Willow Creek Bridge (Figure 9) has 3 spans at 98’ with pro- 
vision on the deck for a 30’ roadway. There are 5 modified I-shaped 
beams in the cross section, spaced 7’-2-34” on centers. These beams 
are 5’-4” deep, have a 7” thick web, a bottom flange 2’-2" wide and a 
top flange 4’-0” wide. The slab between the top flanges and diaphragm 
stubs is cast in place and the entire deck laterally prestressed. The 
Freyssinet System was used. 
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Shawan Road Bridge—Maryland 

The Maryland Bridge has a span of 100 feet and a roadway 
width of 30’ and two safety walks. It spans the expressway and was 
chosen as an experiment in contrast with two other 3-span steel 
stringer bridges on the same project. 

There are 9 beams in the cross section spaced 4-1-1” on cen- 
ters. The beams are 5’ deep, have an 8” web, a bottom flange 20” 
wide and a top flange 3’-8” wide. The poured slab between the top 
flange and the diaphragm stubs in this case was only 514” in width 
as compared to a width of 3’-3” on the Willow Creek job. 
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Fic. 9.—Cross. SECTION—-WILLOW CREEK BRIDGE. 


The Freyssinet System was used on this structure and the bridge 
was laterally prestressed. 

Both of these structures made use of the top flange of the pre- 
stressed beams as a part of the structural roadway supporting slab 
with a bituminous surface for pavement. This type of construction 
cuts down the amount of concrete work in the field and results in 
an economical deck. In Massachusetts the deck would have a 3-ply 
membrane waterproofing course under the surface for protection of 
the slab. 

My own feeling on the matter is that in New England the pre- 
stressed units should have the added protection of a poured top slab. 


Future Farmers of America Bridge—West Virginia 


Another example of pretensioning is the Future Farmers of 
America Bridge in West Virginia. The designer of this structure de- 
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parted from the I and the square or rectangular section and chose 
an inverted U section with the prestressing element located in the 
vertical legs. This bridge has a span of 65 feet, is designed for an 
H20 S16 loading and has a depth of 2’-8”. 

The precast sections are all 3’ wide and of 2 basic sections: the 
main roadway sections and the curb sections. These units are butted 
and bolted together in place and the keys near the tops of the units 
are grouted. Only the installation of a wearing surface is necessary 
before the bridge can be opened to traffic. 

This is an excellent design but in climate such as ours an appli- 
cation of 3-ply membrane waterproofing would be required under the 
surfacing. Without it we would be faced with the seepage of water 
through the butted section and the deterioration of the concrete due 
to the many cycles of freezing and thawing. 


Garden State Parkway Bridge—New Jersey 


Twelve bridges on a recently completed section of the Garden 
State Parkway in New Jersey were of precast and prestressed con- 
crete. The final plans called for the 28 exterior beams to be rectan- 
gular and post-tensioned and the 190 interiors to be of a modified 
I shape and pretensioned, Figure 10. 

The spans varied from 39 to 60.4 feet but the beams were all 
made of two basic cross sections with the prestressing elements vary- 
ing according to the span. The interior beams are 33” deep with a 6” 
web, 12” wide top flange and a 19” bottom flange. Twenty to forty 
3%” strands were used in these members. The exterior beams are 33” 
deep and 16” wide and are reinforced with units of ten 14” wires of 
the button head type. 

These beams were manufactured in three plants about 30 miles 
from the bridge sites. High early strength cement was used, the con- 
crete was steam-cured, and the beams cast in a two-day cycle, iden- 
tical with the procedure used for the manufacture of the Massachu- 
setts beams. 

The Formigli Corporation, manufacturers of these beams, are 
now prepared to continue their production for other structures up 
to 60’ spans within hauling distance of their plants. 
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Lake Pontchartrain Bridge—Louisiana 

The designer’s dream of precasting and prestressing an entire 
span of a bridge is about to come true in Louisiana with the con- 
struction of the Lake Pontchartrain Bridge on the Greater New Or- 
leans Expressway. This bridge, which has an over-all length of 
approximately 23-34 miles, is a trestle type structure having 2237 
spans of 56’ each with provision on the deck for a 28’ roadway. 


Fic. 10.—GarDEN STATE PAarKway BEAMS. 


A typical span, Figure 11, is composed of 7 modified I-shaped 
beams 4’ deep with a 6-34” top slab. The 7 beams and the slab are 
to be precast monolithically as a pretensioned unit. The 5 interior 
beams are to be stressed with thirty-five 5/16” diameter wire strands, 
and the exterior with thirty-three 5/16” diameter strands. The total 
weight of one span is about 180 tons and it is to be supported by 
54” prestressed concrete piles. 
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The piles, which are the cylindrical prestressed type developed 
by the Raymond Concrete Pile Co., are now being cast by the con- 
tractor. The casting bed for the deck has been designed by the 
Freyssinet Co. and is under construction, but no spans have yet been 
cast. 
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Fic. 11—Cross SecTIonN—LAKE PONTCHARTRAIN BRIDGE. 


The designers are Palmer & Baker, Inc., of Mobile, Alabama. 
The contract was awarded to the Louisiana Bridge Co., a combina- 
tion of Brown & Root and T. L. James, joint venturers. 


Hampton Roads—Virginia 

On October 8, 1954, bids were received for the construction of 
a concrete pile trestle type prestressed structure for the Hampton 
Roads Bridge in Virginia. Alternate bids were requested for 261 post- 
tensioned beams versus steel stringers for the 80’ spans, and for post- 
tensioned versus pretensioned for 896 beams in the 50’ spans. 

For the 80’ spans, six 1-'” diameter bars were indicated for the 
4’-7” deep beams. For the 50’ spans, four 1-4” diameter bars were 
shown for post-tensioned and thirty-six 3g” strands for the preten- 
sioned alternate. Both of these latter types were 3’-7-'4” deep but 
a wider beam was required for the pretensioned members to provide 
ample space for the greater number of prestressing units. 24” pre- 
stressed concrete piles were specified for the bents. The low bid 
_ submitted by Merritt, Chapman & Scott was on the prestressed beams 
and the final selection was for 50’ pretensioned spans for the entire 
project. Parsons, Brinckerhoff, Hall and MacDonald are the consult- 


ants. 
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Tampa Bay Bridge—Florida 

On September 30, 1954, alternate bids were received for the 
construction of a bridge adjacent to the Gandy Bridge over Tampa 
Bay in Florida. This proposed structure contains 252-48’ spans and 
prestressed construction was bid as an alternate to conventional re- 
inforced concrete T Beams. There are also twenty 72’ spans with 
prestressed construction bid as an alternate with steel I beams. 

For the 1505 concrete piles, prestressed or a standard reinforced 
type are the contractor’s choice. An alternate type of prestressing 
was also indicated. For the 72’ spans, six 1-!%” bars were indicated 
for a post-tensioned beam while the alternate was for twenty-four 
7/16” diameter straight cables to be pretensioned and two 1-14” diam- 
eter draped rods to be post-tensioned. For the 48’ spans, four 1-1%” 
bars were shown for the post-tensioned beam and twelve 7/16” strands 
for the pretensioned in combination with two 1-'%” diameter draped 
rods to be post-tensioned. 

The low bidder submitted a price on only the prestressed design 
and for that design post-tensioning was selected on all beams using 
Stressteel bars. 

Subsequent to this, another trestle 3000 feet long was bid and 
the type chosen, which was again the contractor’s option, was for 
combined pre- and post-tensioning, using strands for the pretensioned 
straight members and Freyssinet units for the post-tensioned draped 
members. 


Prestressed Piles 


The prestressing of concrete piles using the pretensioned method 
is rapidly gaining in favor. One of the disadvantages of long conven- 
tionally reinforced piles is the extreme care that must be exercised 
in handling and in driving because of cracking. Prestressing is the 
panacea for this. With the concrete in compression, cracking is 
eliminated in handling and any shrinkage cracks which develop after 
the pouring are permanently closed. 

All the concrete pile projects in Florida bid to date have called 
for prestressed piles as an alternate to conventionally reinforced piles 
with the choice being the contractor’s, and invariably prestressed piles 
have been used. 

The pile sections in that state have been standardized for 12”, 
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14", 16” and 18” square sections, reinforced with twelve 54” strands, 
twelve 3” strands, sixteen 3%” strands, and sixteen 7/16” strands, re- 
spectively, with maximum lengths for these sections of TDi, O 5%, 509", 
and 107’ (Figure 12.) 
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Fic. 12.—TypicAL PRESTRESSED CONCRETE PILE DETAILS. 


Continuous Structures 

Continuity is lagging in this country. There is a reluctance to 
duplicate or even approach the work of Dr. Fritz Leonhardt of Ger- 
many whose continuous design allows the stressing of an entire bridge 
in one jacking operation. Perhaps our reluctance is due to the nat- 
ural conservatism of our bridge designers who have even been slow 
in accepting long span steel girders, but more probably the patented 
features of this design and the license requirements are a retardant 
to its use. 

Two notable examples of Dr. Leonhardt’s continuous design are 
the Railroad Bridge at Heilbrann and the Highway Bridge near Heil- 
brann over the Neckar Canal. 

The Railroad Bridge has 5 continuous spans and is 327’ long. 
Being a constant depth box girder design, the prestressing elements 
which are laid in a metal sheath are raised over the 4 supports 
and at the ends where they are wound around a concrete jacking 
block. After the cables are laid, the concrete deck is poured up to 
the jacks on the concrete jacking block. The entire bridge is stressed 
in one operation and the jacks concreted in. 
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The most famous of Dr. Leonhardt’s designs is the 3-span con- 
tinuous bridge over the Neckar Canal, Figure 13. It has 2 spans at 
62’ and a center span of 312’ with a depth of only 5’-7” at the center. 
It is said to be the longest concrete girder span in the world. One of 


Fic. 13—NECKAR CANAL BRIDGE. 


the continuous bridges built in this country is the grade separation 
structure at Waugh and Memorial Drive in Houston, Texas. This 
structure, on a sharp curve, has 2 spans at 45’, 1 at 65’ and 1 at 70’ 
with an over-all length of about 229’. The entire structure is banked. 
It has a 24” thick slab containing 58 stressing units in the section with 
economy holes between each unit. 


A similar design was made for the Furnace Brook Parkway 
Bridge on the Southeast Expressway in Massachusetts, but it was not 
built because of an entire change in alignment. 


Other plans prepared include the Little Falls Bridge in Mary- 
land for the Corps of Engineers. This structure is similar to the 
Neckar Canal Bridge in that it has a center span of 216’ and canti- 
levered counter-weighted spans of about 30’. It is a box girder sec- 
tion 7’ deep at the crown, and 12’ deep at the support containing only 
2 stressing elements. 


A study has also been made for a continuous bridge in Provi- 
dence over the Providence River having 10 spans with spans vary- 
ing from 100 to 120’ in length. This, too, is a box girder type. 
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California 


The California Bridge Department has been one of the pioneers 
In concrete box girder designs. Many of their grade separation 
bridges (conventionally reinforced) are so designed. These are gen- 
erally of uniform depth for both simple and continuous spans and are 
readily adaptable to skews and almost any degree of curvature. 
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Fic. 14—Hatr Cross SEcTION—Bic DALTon WaAsH BribcE. 


The Big Dalton Wash Bridge near El Monte, Figure 14, is of 
this type but is prestressed. It has a span of 115’ and was designed 
for H20 and S16 loading. The depth of structure is 7’-3”, the top slab 
is 6-14” thick, the bottom slab is 5-'%” thick and the interior walls 
are 8” thick. The stressing elements are in the bottom slab and 


walls. 
Under construction in California is a continuous structure of this 


same type. 
CONCLUSION 

It has been an interesting and stimulating experience to have 
had some part in the development of prestressed concrete, and to 
have had an opportunity to follow the trends and development of pre- 
stressing in this country. In its early stages, it was not comparable 
in price with steel stringers, but its continued use and the adoption 
of more economical methods and the discarding of unnecessary fea- 
tures have brought it to the point of being highly competitive and 
desirable. 

Pretensioning is rapidly gaining favor and I believe that this 
or a combination of pretensioning and post-tensioning will be the 
logical and economical solution in mass production. I would expect 
on moderate spans that post-tensioning will, in time, be used only on 
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isolated structures in areas where pretensioning beds have not been 
set up and on the longer beams which, because of their extreme length 
and weight, will have to be produced and stressed at the bridge site. 

What of the future of prestressing? I believe any good and 
economical design has a bright future in this country. We are in the 
‘midst of a gigantic highway program, the end of which cannot now 
be seen. Barring a national emergency, the program cannot be halt- 
ed until the job is done, and that job includes the building of thou- 
sands of structures unthought of a few short years ago. 

This is a great steel producing country and unless there is a 
shortage of critical materials, steel will not be replaced in bridge work 
by prestressing, but prestressing will probably be used far beyond our 
wildest dreams to help build the highways for an age when our 
future economy and, perhaps, our eternal existence will depend on 
our being a highly mobile country. 


NEW BEDFORD’S SEWERAGE FACILITIES 323 


IMPROVEMENTS TO NEW BEDFORD’S SEWERAGE 
FACILITIES INCLUDING INTERCEPTING SEWERS 
AND PUMPING STATIONS 


B. FRANK L. HEANEY,* Member 


[Presented at a Joint Meeting of the Boston Society of Civil Engineers and Sanitary Section, BSCE, 
held on December 15, 1954.] 


NEw BeEpForp, a city with a population of about 110,000, is in 
southeastern Massachusetts. It is located on a comparatively narrow 
ridge which forms a peninsula extending into Buzzards Bay. The 
general location is shown on Figure 1. 

Combined sewers to receive both sanitary wastes and storm 
waters were constructed before 1900. These serve the thickly settled 
portions and the industrial areas of the city. The combined sewers 
discharged into tidal waters at the foot of the various streets. Be- 
cause of this, an offensive condition existed in the waters of the 
Acushnet River and in Clark’s Cove. 

Construction of an intercepting sewer system was started in 1912 
to eliminate these objectionable conditions. This system was intended 
to intercept the dry weather flow of the combined sewers and carry 
these wastes to discharge in Buzzards Bay. An outfall sewer was 
constructed extending about 3300 feet off the tip of the peninsula 
forming the city. The depth at the discharge end of the outfall sewer 
is about 30 feet below mean tide level. Figure 2 shows the route of 
the intercepting and outfall sewer. 

The main intercepting sewer was constructed at as low an ele- 
vation as would admit of the handling of sewage by gravity, without 
resort to pumping. This choice of an intercepting sewer route re- 
quired that other intercepting sewers and pumping stations be con- 
structed in the nine districts shown on Figure 2. The sewage from 
these areas lying below the level of the intercepting sewer would 
thereby be collected and pumped to the intercepting sewer, thence 
~ to flow by gravity to discharge in the deep waters of the bay. 

In the early 1920’s, large textile industries began slowing down 


*Senior Engineer, Fay, Spofford & Thorndike, Engineers, Boston, Massachusetts. 
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operations and many moved away from the city. At the same time, 
work was halted on the intercepting sewer construction program. 
Only five of the nine pumping districts had been completed. 
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Fic. 1—GENERAL Location. 


The district at Howland Street was served by an underground 
pumping station. This underground station operated for many years. 
Maintenance was very difficult and hazardous and it was finally aban- 
doned and filled with sand. 

The remaining four districts lying below the level of the inter- 
cepting sewer continued to discharge their sewage and industrial 
wastes into near-by tidal waters of Acushnet River. 

Acushnet River is scarcely more than a brook flowing into and 
forming a tidal estuary. Dispersal of these wastes therefore depend- 
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ed almost entirely upon the flushing action of tidal changes. Float- 
ing solids, scum, disagreeable odors, and other evidences of pollution 
near piers and docks and along New Bedford’s fine beaches caused 
agitation to be continued for remedial action necessary to complete 
construction of intercepting sewers and pumping stations. 
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Fic. 2.—ROUTE or SEWERS. 


The city decided in 1947 to resume work. Fay, Spofford & 
Thorndike were retained to make engineering investigations and 
designs, and to supervise the construction of intercepting sewers and 
pumping stations in two of the districts. Separate sanitary sewers 
were then constructed in these two districts, together with separate 
sewer service connections. Roof leaders and drains were left connect- 
ed to the old sewers which are now used only as drains. 

We were further authorized in 1953 to report on all improve- 
ments necessary to complete the construction and to make necessary 
repairs and replacements of equipment for the intercepting sewer 
system. Only part of this report has been submitted and accepted. 

The cost of constructing separate sanitary sewers throughout 
the remaining districts was considered too great. It was, therefore, 
decided to intercept and pump an amount equal to two times the dry 
weather rate before permitting overflow to the near-by river. Con- 
struction is now under way for an intercepting sewer and pumping 
station in the Howland Street pumping district, as well as for the 
_ replacement of equipment in the old pumping stations. 

The general conditions of pollution existing in Acushnet River 
and in Clark’s Cove are caused in part by adjoining towns of Fair- 
haven and Dartmouth. While these towns have made some prelimi- 
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nary investigations regarding means to abate this pollution, New Bed- 
ford is the only municipality which has appropriated large sums and 
gone ahead with a definite construction program. 

The scope of this paper is to discuss determination of capacity 
of main intercepting and outfall sewers; the investigation, design, 
and construction of new intercepting sewers and pumping stations; 
new equipment for old pumping stations; sewer overflow and regu- 
lating devices; as well as screening and grit removal equipment. The 
methods used to gage existing flows and to establish design capaci- 
ties will be described where they are different from conventional 
methods. We will also discuss the effects of recent hurricanes on the 
sewerage system and the measures being adopted to protect the older 
pumping stations from future hurricane and high water damage. 


INVESTIGATION OF INTERCEPTING AND OUTFALL SEWERS 


We have made an investigation of the main intercepting sewer 
and of the outfall sewer to determine if they have ample capacity to 
accommodate the additional discharges from the future pumping sta- 
tions, as well as to receive the increased discharge within the 30-year 
period of our design, taken to be until the year 1985. 

Gagings were made of the flows in the intercepting sewer by 
measuring the actual velocity, cross-sectional areas, and differences 
in water surface elevations at various manholes. Velocities were 
measured by the use of fluorescein dye injected into the sewage 
stream, and time of transit was measured between manholes. Diffi- 
culty was had in observing the passage of the dye until wood chips 
were mixed in the dye solution before discharging such solution into 
the sewer; then with the use of a mirror to reflect the sunlight into 
the manhole opening, it was possible to determine the occurrence of 
the dye at the next manhole opening downstream. With these data 
at hand, it was possible to compute the average velocity and the 
roughness coefficient “‘n” in the Manning formula for the particular 
stretch of sewer being gaged. The calculations of ‘“‘n,’ based on these 
data, varied between 0.013 and 0.014. An “n” of 0.014 was used in 
the original design in 1910. Differences of elevation of water sur- 
faces in adjacent manhole openings were then taken throughout the 
twenty-four hours of the day at half-hour intervals. Corresponding 
rates of flow were then computed. 
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This method of gaging was used successfully on the upper reach- 
es of the intercepting sewer but was not effective in the sections below 
the main screen house where the crown of the sewer was below tide 
level and the sewage flow was consequently under surcharge. To 
make matters more difficult, manhole openings in the lower reaches 
of the sewer were on the side of the intercepting sewer. Stagnant 
water and scum in the manhole opening above the crown of the sewer 
did not indicate changes in the color of the sewage flow. We inves- 
tigated the use of the Allen salt velocity method but found it to be 
impracticable for this location. 

Tests were made on these lower sections of the main intercept- 
ing sewer and on the outfall sewer using fluorescein dyes, together 
with radioactive salts. Small centrifugal pumps (2” diameter), with the 
suctions placed in the flow of the sewers at each manhole opening, 
were used to maintain a continuous sampling of the flow. Observa- 
tion of the pump discharge in strong sunlight or artificial light would 
indicate at once when the color of the sewage flowing in the inter- 
ceptor changed. Test tube samples were collected at 5-second in- 
tervals during the passage of the dye. Looking down at the rack of 
samples, against a white background, maximum color was easily de- 
termined. The range of color intensity with time recorded enabled 
computations to be made of center of gravity and velocity of the 
colored sewage. 

We were assisted in our gagings of the intercepting sewer and of 
the outfall sewer by members of a research staff working under the 
direction of Dr. Harold A. Thomas, Jr., Harvard Graduate School 
of Engineering. The research staff desired to obtain certain data rela- 
tive to the behavior of radioactive salts in sewage and sea water. 
The aforementioned samples of colored sewage also contained radio- 
active material which had been injected into the sewer at the same 
time as the dye. Laboratory analysis of these samples gave a very 
much more sensitive measurement of the velocity of the sewage than 
was obtained by the use of the dye. The results, however, confirmed 
those computed from the dye observations. 

The rates of discharge of the outfall sewer were estimated by 
observing differences in elevation between surface of sewage in the 
junction house or outlet gate chamber at Fort Rodman and the 
corresponding elevation of tide at the outlet. The velocities and 
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roughness coefficient for the outfall pipe were determined from veloci- 
ties obtained by the use of fluorescein dye. According to these data, 
a roughness corresponding to an “‘n” of 0.023 was indicated. Addi- 
tional tests will be made to determine if this high coefficient is due to 
something causing a partial plugging of the outfall sewer. The con- 
dition of the outfall pipe was partially determined by inspection of 
a diver going into both the influent and effluent ends of the outfall 
sewer. The diver went into the outfall sewer at each end to a dis- 
tance of approximately 50 feet and reported that the outfall sewer 
was almost entirely free of any deposits or growths. 
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YEARS 
Fic. 3—PopuLaTIon CurRVE. 


The chart, Figure 3, showing growth of population, indicates that 
when the main intercepting sewer was designed in 1910, New Bed- 
ford’s population had increased about 47 per cent in the previous 
10 years. Actual population growth which has occurred since that 
time is also shown. The slump in population growth was due to eco- 
nomic conditions and the moving away of a large portion of the tex- 
tile industry. 
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A paper published in the magazine “Civil Engineering” by Mr. 
John E. McLean (February 1952) cites this New Bedford population 
curve as a typical example of how actual population cannot be antici- 
pated by any statistical method if a major change should take place 
in the economic life of a community. It is well to point out that the 
consulting engineers, Metcalf & Eddy, in their review, in 1910, of 
the City Engineer’s design, stated—‘‘that the growth of New Bedford 
has depended primarily upon the development of a single industry— 
the manufacture of cotton goods.” They went on to state, “in view 
of the growth of this industry in different parts of the country, it 
may be doubted whether the recent rate of growth in New Bedford 
will continue for a long period of time in the future.” The rate of 
increase originally estimated by the City Engineer was accordingly 
reduced from 300,000 and an estimate of population of 210,000 for 
the year 1940 was adopted. The intercepting sewer was designed for 
the aforesaid requirements. As future events dictated, the results 
have been to have about 100 per cent additional capacity with cor- 
respondingly unsatisfactory velocities prevailing at normal rates of 
flow. The average daily maximum velocity in the section of the main 
intercepting sewer below the screen houses is less than 1.5 feet per 
second. 

There is excess capacity provided in the intercepting sewer as 
compared with the more limited capacity of the outfall sewer. This 
causes an interesting hydraulic condition. The action is similar to 
that experienced when storage tanks are provided between intercept- 
ing and outfall sewers. The rate of flow in the outfall sewer varies 
according to the difference in elevation between the sewage level at 
Fort Rodman and the elevation of tide. The rate of flow in the inter- 
cepting sewer below the screen house is at times higher than that of 
the outfall sewer and at times lower, depending on variations of flow 
in contributing sewers and head conditions prevailing in the outfall 
sewer. At certain times in the tidal cycle the flow in the intercept- 
ing sewer actually changes in direction, while the direction of flow 
in the outfall sewer continues outwards. Similar phenomena have 
_ been extensively studied and reported upon by Professor J. R. Day- 
mond in several articles in “Journal of the Institution of Civil Engi- 


Neels.- 
The design of the main intercepting sewer and outfall sewer con- 
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templated the construction of two 60-inch diameter outfall sewers. 
When work was halted on the construction of the intercepting sewer 
system in the early 1920’s, only one of the outfall sewers had been 
constructed. A sluice gate and an outlet were provided for the 
future construction of a second 60-inch subaqueous outfall. The ex- 
pected increase in population did not materialize and, consequently, 
the expected sewage flows were not experienced. It is likely that the 
present outfall will continue to have sufficient capacity to accommo- 
date the average maximum rate of dry weather flow until the year 
1985, which was taken as the design period. 

Tide gates were provided in the original construction at the 
junction house between the intercepting sewer and the outfall sewer. 
We have been told that just prior to the 1938 hurricane, these tide 
gates were removed and stored nearby. These tide gates were lost 
in the tidal wave which accompanied this 1938 hurricane and were 
never found. We do not consider that tide gates are needed for this 
installation. 

Our investigation shows that the intercepting sewer, with the 
exception of one section, is adequate to receive the average maxi- 
mum rate of dry weather flow in 1985. The exception is at the point 
where the intercepting sewer on Acushnet Avenue crosses Wamsutta 
Street. This deficiency in sewer capacity was brought about by the 
elimination of a railroad grade crossing and the subsequent con- 
struction of a depressed section in the intercepting sewer. As this 
was not contemplated in the original design, the available slope does 
not develop a velocity of sewage flow high enough for the proper op- 
eration of the depressed sewer. This depressed portion of the sewer 
is, therefore, further reduced in capacity by large accumulations of 
grit. 

Acushnet Avenue at Wamsutta Street is congested with many 
underground structures, including, besides the intercepting sewer, a 
storm sewer of 7-foot diameter, a 30-inch water main, a large gas 
main, and numerous electric ducts. as well as foundations of columns 
and walls supporting the railroad bridge. Space is not available for 
widening of the intercepting sewer. Since it is not possible to increase 
the capacity of the sewer in the street, we are considering the pos- 
sibility of constructing a by-pass of this street intersection by tunnel- 
ing under the railroad tracks and crossing Wamsutta Street uphill 
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from the Acushnet Avenue intersection, returning to the line of the 
intercepting sewer a few hundred feet downstream of this intersec- 
tion. 

The intercepting sewer and the outfall sewer provide a capacity 
greater than the estimated average maximum dry weather flow. The 
capacity in excess of this flow is available to carry a small portion of 
storm water flow. 

About thirty sewage regulators were installed on the principal 
combined sewers just above their point of connection with the inter- 
cepting sewer. These were constructed at the same time as the 
intercepting sewer. The regulators were intended to operate so that 
waters from light rainfalls, in addition to sanitary sewage, would 
be accommodated in the intercepting sewer, but heavy showers or 
storms would cause the entire flow of the combined sewers to be di- 
verted and to overflow through the old outlets. These regulators are 
similar to those installed in many cities where combined sewers are 
used. When the rate of flow exceeds a predetermined amount, the 
sewage should overflow through side overflow weirs to pass through 
an inverted siphon under the intercepting sewer and thence into the 
old outlet and to nearby tidal waters. The rise in elevation, so as to 
cause overflow when rate of flow increased, was accomplished by the 
throttling effect of a pipe, much smaller in diameter than the com- 
bined sewer, connecting between the sewage regulator structure and 
the intercepting sewer. 

There was provided in these regulating structures a float-oper- 
ated gate. This gate was intended to close automatically when the 
intercepting sewer was filled or flowing at capacity, and as soon as 
the flow subsided in the intercepting sewer, it was intended that the 
ga‘e would open and permit the flow to resume from the combined 
sewer into the intercepting sewer. It was hoped by these means to 
prevent overloading of and damage to the intercepting sewer through 
connection with these combined sewers during storm flows. The com- 
bined sewers, in aggregate, during storm flows, are carrying many 
times the capacity of the main intercepting sewer. 

During the course of our investigations, we inspected the oper- 
ation of many of the sewage regulators. We found that the function 
of permitting dry weather flow, plus a certain amount of storm water 
flow into the intercepting sewer, was fairly satisfactory. The pro- 
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vision requiring the use of a float-operated gate, however, was found 
in all cases to be inoperative, as the moving parts of the apparatus 
became corroded in a short time, rendering the gate operation unre- 
sponsive to the elevation of the sewage level. At one regulator we 
found that the flow in the intercepting sewer, because of obstructions 
due to silt deposits, was backing up and flowing through the regulator 
over the overflow weir and discharging with the flow of the combined 
sewer into the nearby waters of Acushnet River. To remedy this con- 
dition, we removed the float-operated gate, substituting for it a simple 
flap gate or tide gate; we also redesigned and replaced the connect- 
ing pipe between the regulator and the intercepting sewer and rebuilt 
the chamber. Our computations of the throttling effect of the con- 
necting pipe enabled us to establish a setting for height of weir 
planks in the overflow chamber so that when the flow exceeded three 
times normal average maximum dry weather flow the sewage in the 
overflow chamber would flow over the weirs. It was considered ad- 
visable to remove the float-operated gate because of the relatively 
large capacity of the intercepting sewer at this point, and also be- 
cause of the need for large flushing quantities to remove silt deposits. 

A large main screen house was included in the original construc- 
tion as a part of the intercepting sewer system. This screen house 
contained three grit channels with cage screens at the entrance to 
each channel. 

It was intended that the grit would be removed by means of 
sand ejectors. The grit was then to be washed by devices similar to 
those used in connection with slow sand water filters. As far as is 
known, these devices had never been used upon sewage deposits. 
The washing water and light organic matter were to be returned to 
the sewer. The grit was to have been hauled away. Provision was 
made in the design so that if this equipment failed to perform satis- 
factorily, grit could be removed by means of overhead crane and 
clam-shell bucket. 

The grit removal system has not been operated for many years. 
The overhead crane and clam-shell bucket were not installed. Silt 
and grit deposits in the intercepting sewer downstream of the screen 
house have accumulated to a depth of about 3 feet. 

We are proposing that the grit channels be modified to accom- 
modate conventional endless chain drag type scrapers which will con- 
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vey the grit to a hopper. It will then be agitated and washed by a 
pump-operated device and will be transported by grit elevators to 
flow by gravity through an overhead pipe to watertight bodied trucks. 
This material will be hauled away and buried at a suitable location. 


DESIGN OF HOWLAND STREET INTERCEPTING SEWER AND 
PUMPING STATION 


The designs for a new sewage pumping station and for a new 
intercepting sewer in Howland Street were based on the extent of 
contributing areas with an allowance for infiltration in the sewers, and 
were verified in part by records of water consumption of the larger 
industries in the district. 

Computations of sewage quantities based on contributing areas 
according to their classification under the zoning ordinance are sum- 
marized as follows: 


14 acres zoned “Industrial A” @ 20,000 gal./acre 280,000 gpd 
50 acres zoned “Industrial B” (@ 20,000 gal./acre 1,000,000 gpd 
19 acres zoned ‘‘Business” @ 25,000 gal./acre 475,000 gpd 
2 acres zoned “Residence A” @ 6,250 gal./acre* 12,500 gpd 
0.4 acres zoned “Residence B’” @ 12,500 gal./acre** 5,000 gpd 


16 acres zoned “Residence C” @ 18,750 gal./acre*** 300,000 gpd 


2,072,500 gpd 
*25 persons per acre @ 250 gal./day cap. 
**5Q persons per acre (@ 250 gal./day cap. 
***75 per sons per acre @ 250 gal./day cap. 


Allowance for infiltration 2.8 miles of existing 
sewers @ 100,000 gal./mile/day 280,000 gpd 


2,352,500 gpd 
Maximum rate of sewage flow for full development 
of the area—say 2.4 mgd 


This rate may appear unusually high for area of district. How- 
ever, water consumption records as furnished by New Bedford Water 
Department show maximum quarterly billings for the industries lo- 
cated at the foot of Howland Street of about 128 million gallons. An 
estimated 40 per cent of this water is wasted to the sewers. This 
amounts to an average rate of about 750,000 gallons per day for 
this limited part of the contributing area. 
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The basis of design used for the proposed Howland Street Pump- 
ing Station provides pumping capacity to handle at least the maxi- 
mum rate of sanitary sewage and infiltration expected 15 years hence, 
plus at least an equal allowance of storm water flows. 

The layout of the pumping station is shown on Figure 4. 
The initial pumping installation will be two pumps with space and 
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Fic. 4.—Layout or Pumpinc StTaTION. 


piping arrangement for a third pump. This third pump will be neces- 
sary in the future if additional industries having abnormal quantities 
of wastes should locate in the district. 


The initial combined pumping capacity will be 3800 gpm, or 5.5 
mgd, which represents about 2.3 times the maximum rate of ‘sewage 
flow, and will provide for the pumping of a considerable quantity of 
storm water. During heavy rainstorms, the rate of flow will exceed 
many times the capacity of the pumps because the contributing sewers 
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are combined sewers. Electrical controls will be so arranged that dur- 
ing these periods pumps will shut off and the total sewage and storm 
waters will be allowed to overflow via the existing 72-inch Howland 
Street storm sewer into tidewater. This will help to reduce the over- 
loading of the intercepting sewer and outfall sewers and will pre- 
vent power wastage. 

Overflow structures are being built on the two principal con- 
tributing sewers at their point of connection with the new Howland 
Street intercepting sewer. The intercepting sewer in this district was 
designed according to our conventional procedures. These methods 
have been described in an article by Mr. R. W. Horne published in 
the Journal of the Boston Society of Civil Engineers of April 1943. 

Close proximity of building foundations, together with unsatis- 
factory soil conditions, indicated by our borings, made it necessary 
that a portion of the new intercepting sewer be constructed inside 
of the old 72-inch Howland Street sewer. A new 10-inch cast iron 
sewer will be supported on concrete pedestals anchored to the invert 
of the large sewer for the length of new sewer to be placed below the 
center line of large sewer. Where the gradient of the new sewer 
causes it to be above the center line of the old sewer, the new sewer 
will be supported on roll hangers suspended from the top of the 
old sewer. This manner of supporting was adopted to prevent ob- 
structing more than one-half of the area of the old sewer. The old 
sewer must remain in use to act as an overflow during storms. Exist- 
ing sewer service connections from nearby industries will be extended 
into the interior of the old sewer to connect with the new intercept- 
ing sewer. 

The new intercepting sewer in Howland Street will receive the 
flows from the existing sewers. The dry weather flow, plus at least 
an equal amount of storm water in the large outfall sewer, will be 
intercepted by means of an existing diversion structure. These flows 
will be carried to the new pumping station and will be pumped into 
the main intercepting sewer. 

It is expected that large amounts of cloth remnants will be in 
the sewage because of the garment industries located in this district. 
A comminutor with by-pass bar screen is therefore being provided at 


this station. . 
The wet well where the sewage collects before pumping was sized 
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so as to provide about four minutes’ pumping time for any one pump. 
Another consideration was to provide about 8 minutes’ detention time 
at average maximum rate of flow. 

A walkway is provided in the wet well so that walls may be 
easily cleaned. Railings, stairways, hatch cover plates, and other ex- 
posed metal work, except for cast iron equipment, are being con- 
structed of aluminum. This will eliminate the need for painting in 
these areas. 


Floats, float pipes, and float switches are of a conventional type. 
The float switches are of the multicontact type and will provide the 
following series of operation: 


With rising level of sewage in the wet well, the float switch will 
start Pump No. 1 at Elev. minus 9.5 and, if level continues to rise, 
it will start Pump No. 2 at Elev. minus 9.0. If the level still con- 
tinues to rise, the switch will shut off both pumps at Elev. plus 1.5. 
At this latter elevation, which is expected to be reached during heavy 
rainstorms, sewage will be overflowing at the new overflow structures 
into the old Howland Street sewer and thereby be discharged into 
Acushnet River. 


As the storm runoff diminishes and the level of sewage discharg- 
ing over weirs in overflow structures recedes to Elev. plus 1.0, the 
float switch will start Pump No. 1 and as the level continues to lower 
the same float switch will start Pump No. 2. Both pumps will continue 
and when the level in the wet well reaches Elev. minus 13.5, the float 
switch will shut off both pumps. 

Sewage pumps will be of the close-coupled type and will be lo- 
cated with their motors in the pump room. A sump pump is pro- 
vided in the pump room to remove any accumulation of leakage or 
to dispose of the contents of a sewage pump whenever it becomes 
necessary to drain one off for cleaning. 


The size of sewage pumps is controlled by our specification that 
the velocity in discharge nozzle shall not exceed 15 feet per second 
when the pump is discharging at maximum specified rate. We call for 
the size of valves and fittings on discharge and suction lines to be 
one size larger than pump nozzles, and sizes are increased along the 
discharge header so as to limit velocities to not more than about 
8 feet per second. 
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A system curve of the station piping and force main was plotted 
to determine the total dynamic heads against which the pumps would 
need to operate. Head losses were computed, using coefficients for 
valves, Venturi meter, fittings, and piping as furnished by the vari- 
ous manufacturers, except that losses in laterals were computed using 
coefficients listed in Kaufman’s “Hydromechanik.” 

Adjustable weight levers are attached to hinge pins of check 
valves to prevent troublesome slamming of check valve clappers. It 
has been our experience that if these are carefully adjusted and firm- 
ly set at time of pump field tests, no later troubles on this score will 
be had. At time of design, we investigate the possibility of water 
hammer occurrence in station piping and force main and, if condi- 
tions require, take necessary protective measures. 

A Venturi meter is provided in the discharge piping so that daily 
record will be maintained of the station’s operation. Recording am- 
meters are also provided on each motor control panel at the switch- 
board. Deviations from normal amperage indicate faulty operation of 
pumping units and we expect that these meters will indicate the 
promptness with which remedial action is taken by maintenance staff. 

The station will be heated by means of an oil-fired steam boiler 
with steam coils placed in the ventilating duct. 

A plant water system is being provided, together with required 
check valve cross connection arrangement, to ensure that water used 
in the pumping station cannot be back-siphoned into the city’s domes- 
tic water supply. This plant water will be used for water seals on 
sewage pump stuffing glands, as well as for flushing water to Ven- 
turi meter. 

The entrances to the wet well and to the pump room side of the 
station are completely separated. The threshold of the entrance to 
the pump room is kept above the elevation of highest known floods. 
The top of float well pipes is also kept above this elevation so that 
flood waters may not enter pump room from wet well. The records for 
1938 and more recent hurricanes show an elevation as high as 10.6. We 
adopted a flood level elevation of 12.5 for all New Bedford sewage 
pumping stations built under our supervision. All elevations refer to 
New Bedford City Base which is 0.85 feet above mean high tide. 
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RENOVATION OF EXISTING PUMPING STATIONS 


Pumping stations in the intercepting sewer system have been op- 
erating as long as 40 years without any substantial replacement of 
equipment. Pump volutes have worn through and have been patched 
with concrete. Electrical controls have been patched and mended. 
Replacement parts for most of the equipment are not available. Con- 
ditions are such that almost 100 per cent replacement is now re- 
quired. New pumping equipment and electrical controls, long needed, 
are now being installed in these old stations. 

In order to design new pumping equipment for the old stations, 
it was necessary to determine capacity required and the head con- 
ditions which govern design of the new pumps. We computed the 
probable inflow for each station in the same manner as described for 
the new station at Howland Street. We determined the discharge rate 
of existing pumps at various heads by shutting off the flow to the 
wet wells and pumping down a measured interval of height in a meas- 
ured amount of time. The head was regulated by closing the dis- 
charge valve on the pump. We then plotted the head capacity curves 
for each of the existing pumps. We found that pressure gages in- 
stalled on existing force mains, even with pulse dampeners, did not 
give results of sufficient accuracy for the high rate, low head charac- 
teristics. We, therefore, installed corporation cocks in discharge 
headers and used mercury manometers. By these means we were able 
to obtain system curves for existing discharge headers and force 
mains. 

The next step was to determine actual discharge for these sta- 
tions during a week’s operation. There were no Venturi meters or 
other measuring devices at these stations. We installed ordinary self- 
starting electric clocks, with necessary transformers, on the motor 
leads of each pump, and by reading the elapsed time of operation 
every hour and the pressure readings, we were able to plot the dis- 
charge of each pump and that of the pumping station for the desired 
period. 

Our investigations showed that new pumping units in all cases 
should have larger capacities than the existing units. We found it 
necessary also to replace with larger sizes most of the discharge pipes 
from the pumps because of the excessive friction head losses which 
would have prevailed with the old piping. 
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At the old stations, if the sewage level rises but a few feet above 
normal levels, due to blocked screens or for other reasons, the pump 
room and motors become flooded. 

It has always been necessary to require constant attendance of 
operators at Cove Road and at Belleville Avenue Sewage Pumping 
Stations. The other stations are visited at least once each day. The 
reason for constant attendance at the aforementioned stations has 
been the need for cleaning bar screens on the influent sewers. There- 
fore, the screens are now being replaced by mechanically cleaned bar 
screen units and sewage screening grinders. Cleaning of new bar 
screens will be automatically controlled by means of time clock and 
float controls. 

It is the intention to make operation of all sewage pumping sta- 
tions automatic and to provide for visits by maintenance operators 
at least twice each 8-hour shift. Records of maintenance visits will 
be kept by the usual recording watchmen’s clocks carried by the trav- 
eling crew. This should result in a substantial saving in operating 
costs of these stations. 


INTERESTING FEATURES OF CONSTRUCTION 


Sewer construction in congested streets was difficult due to old 
sewers nearby, high ground water levels, and other obstacles encoun- 
tered. Well points were used extensively to combat large amounts of 
ground water. Old sewers which were intact until exposed would 
often collapse and discharge their contents into the new excavation. 
Many of these sewers, some several feet in diameter, had been con- 
structed of a single thickness (4”) of brick. 

As the excavation for some of the new sewers was along water- 
front streets, many unusual obstacles were encountered. Old docks 
and careening platforms were uncovered and the timbers were found 
to be in excellent state of preservation. A whaling vessel, sunk in the 
waterfront mud for many years was encountered about 10 feet below 
street surface. It was necessary to use explosives to cut through the 
rugged hull. 

HURRICANES 

In common with other New England coastal communities, New 
Bedford experienced severe hurricanes in 1938, 1944, and in 1954. 
The principal damage caused by the intercepting sewer system was 
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due to the flood waters or tidal wave which accompanied each hurri- 
cane. A tabulation prepared by the City Engineer shows a flood 
elevation of about 10 feet for the 1938 and 1954 (Carol) hurricanes, 
and about 6.7 feet for the 1944 hurricane. These elevations refer to 
the New Bedford City Base which is about 0.85 feet above Mean 
High Tide. 

During the hurricane of August 31, 1954 (Carol), pumping sta- 
tions at Cove Road and at Howard Avenue were flooded to a depth 
almost 3 feet over the entrance thresholds. Electric motors and pumps 
were inundated. Electric power was cut off as underground ducts 
became flooded. It was necessary to remove and bake out stators of 
motors, and to replace portions of electrical controls. Outlet struc- 
tures along the shore of Acushnet River, at the many old outfalls, 
were torn loose and in many cases destroyed by the violent surf. 
Gravel was washed up into many of the outfall sewers. 

New pumping stations, as previously explained, are protected 
from flood waters as experienced from past hurricanes by providing 
no outside entrance to control or pump rooms below elevation 12.5. 

Old pumping stations are now being protected by closing off all 
openings, wherever possible, at an elevation above previous flood ele- 
vations. Lower sections of windows are being bricked up and vents 
are being extended to above roof level. Entrance doorways which, 
of necessity, must remain at present levels will be provided with steel 
watertight doors which can be closed and dogged tight. Electric 
switchboards are being mounted on raised platforms to a point above 
flood levels. Electric service disconnect switches are being omitted at 
lower elevations. Hydraulically operated cylinders are being provided 
for sluice gates on influent sewers so that the stations can be protect- 
ed from abnormal sewage levels. We are also providing float operated 
devices for automatic closing of these sluice gates when sewage level 
approaches a flooding elevation. 

With modern weather forecasting, it is expected that at least a 
few hours’ notice will be had of the approach of a severe hurricane. 
Upon receipt of such notice and with above-described facilities, the 
maintenance crew can shut off and divert sewage flows, as well as 
close watertight doors at the old stations, well ahead of the storm’s 
approach. It is necessary that, after the men have made the pumping 


NEW BEDFORD’S SEWERAGE FACILITIES 341 


stations secure, they get out of the area and onto higher ground until 
the severe storm is over. 
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DISCUSSION 


By Harotp ALLEN THOMAS, JrR.,* Member 


I sHOULD like to take this opportunity to thank Mr. Heany and 
his firm for making arrangements for the participation of Harvard- 
AEC research project group in the tracer tests on the New Bedford 
outfall. 

The application of the Allen salt velocity test in measurement 
of flow rates in sewers has not heretofore been entirely satisfactory. 

Common salt and other chlorides that have been used for tracers 
in sewers are detected by conductivity measurements or by chemical 
titration. Such techniques require some skill in analytic and physical 
chemistry and may entail bothersome calibrations when fluctuations 
in the concentration of domestic and industrial wastes cause rapid 
variations in background conductivity and chloride content. More- 
over in flow systems at low Reynolds’ Numbers density currents 
caused by the addition of brine may greatly disturb the flow pattern, 

Dyes have been used with indifferent success. A considerable 
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element of subjectivity may be introduced when under poor condi- 
tions of lighting an attempt is made to judge the flow time corre- 
sponding to the peak concentration of dye or the time half way be- 
tween the first appearance and the last trace of the colored fluid. In 
such cases errors of 15 or 20 % in flow rates may be made. 

Radiotracers such as Rubidium 86 and Iodine 131 are ideal from 
the standpoint of sensitivity and precision. Ordinarily interference 
from background radioactivity is negligible. In the New Bedford tests 
a total of 45 millicuries of radio iodine were used. The current price 
of this isotope is $0.13 per millicurie. More radioactivity was used in 
these tests than necessary to measure the discharge since one object 
was to ascertain whether the tracer was suitable for measurements of 
tidal movements in the “slick” area at locations remote from the out- 
fall. The results showed that these measurements were entirely feasi- 
ble and that for counting the radio iodide could be separated from 
the sea water by a silver precipitation. The separation is necessary to 
eliminate interference from the dissolved solids and natural radio- 
activity of sea water, which amounts to about 11 disintegrations per 
second per liter. 

The Harvard AEC research project has made extensive use of 
radiotracer techniques in the investigation of longitudinal mixing and 
“short-circuiting” in flow systems—pipes, reservoirs, tanks and rivers. 
The sensitivity of these methods makes it possible to observe effects 
much more difficult to detect than those that must be observed merely 
to gauge the flow. Indeed in many cases of flow measurement in me- 
dium and small sized sewers the radiotracer method is “‘too good” and 
the simple fluorescein (uranin) dye technique developed on the proj- 
ect and described by the author, has given excellent results in agree- 
ment with those obtained with radiotracers. It is believed that this 
dye technique will prove to be generally useful in evaluation of the 
capacity of existing sewers. 

Recent advances in the theory of the salt-velocity test by Sir 
Geoffrey Taylor (Proc. Royal Society A 219, 186; 220, 446) and by 
the Harvard project have confirmed the validity of Prof. Allen’s find- 
ing that the centroid-vertical of the time-concentration curve ob- 
tained at the downstream station may be used in estimation of flow 
time in the computation of mean velocity for the ordinary discharge 
rating of pipes and narrow open channels. Errors are usually less 
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than 2%. In tanks or lakes or under unusual circumstances in pipes, 
the centroid vertical may not be the proper point for measurement 
of time. In these cases, however, the new theory yields suitable com- 
putational procedures for locating the point corresponding to the aver- 
age flow rate. The theory has especially valuable application in in- 
vestigations of the efficacy of natural purification processes that 
determine the capacity of streams in handling low and intermediate 
level radioactive wastes that may be discharged in connection with 
the operation of power nuclear reactors. 


DISCUSSION 


By Rogpert T. JoNEs* 


Mr. HEANEyY has given us a fine example and cross-section of 
the many diverse problems confronting the engineer in designing 
sewerage works and has also shown us the extent to which an engineer 
must improvise in completing such an investigation and design. 

It was particularly interesting to note the remarks relative to 
“anticipating population change”. These point out again the need 
to study the overall patient, including the economic life of the com- 
munity, rather than the particular illness at the time. Even the most 
careful study, as pointed out, cannot anticipate population growth 
if a major change should take place. 

Relative to design of intercepting sewers, there was published 
last year by this Society a paper entitled “Sewer Capacity Design 
Practice’ by William E. Stanley and Warren Kaufman in which it 
was pointed out that the use of unit per acre sewer capacity quanti- 
ties is a very useful procedure as a basis of checking estimates of 
sewage flow rates. Using these authors’ procedure, it will be found 
that the design for the Howland Street intercepting sewer falls very 
nicely in the middle of the chart and lies close to this unit rate found 
for the City of Lynn. This is about 24,000 G.P.A.D. 

In respect to the investigation of sewage flows by determining 
the hydraulic gradient through a specific pipe section, it would be 
interesting to know, in general, how the roughness coefficients came 
‘out; that is, were they reasonably close to the usual accepted values 
for such pipe lines. In a past study by Whitman & Howard of cir- 
cumstances similar to which Mr, Heaney speaks, it was found that 
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the roughness coefficient of clay tile pipe was quite close to the gen- 
erally accepted “C” values in the Williams and Hazen formulae; 
(that is, “C” = 110). 

The only further comment I would like to make, or I should say 
“question”, and this was brought to my mind by Mr. Heaney’s re- 
marks about the condition of the existing stations and by my own 
experience with such stations, concerns the design of dry pit type 
sewage pumping stations. When using close-coupled electric motor 
driven pumping units, the motors often are located below a potential 
flooding point. By this I mean a flooding in the event a pump casing 
or pipe breaks. I would be interested to know what Mr. Heaney or 
other members here think about this flooding potential and any sug- 
gested steps to avoid this. 
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SANITARY ENGINEERING IN ALASKA 


By CLARENCE I. STERLING* 


[Presented at a meeting of the Boston Society of Civil Engineers, held on March 2, 1955.] 


INTRODUCTION 


It is difficult for the uninitiated to know or to understand Alaska. 
Nothing in Alaska can be isolated and discussed as a separate entity. 
The Territory is diverse, each phase of its life and economy closely 
inter-related and each dependent upon the other. The problems of 
sanitation and the methods to be used by the Sanitary Engineer to 
solve these problems are varied. The Territory, as a whole, is cur- 
rently a military economy. The country is underpopulated and under- 
developed and it is an example of what happens when a land is 
dependent upon the Federal Government for its economic and politi- 
cal life. Over 99 per cent of the land is owned by the Federal Gov- 
ernment. Thus, one might say that the resources of the Territory 
are in “cold storage” insofar as development is concerned. On the 
other hand, many Federal officials and employees, as well as citizens 
of the Territory, have devoted their lives to making a better Alaska. 
It is understandable, however, that members of Congress, hard pressed 
by their own voting constituents, should fail to give top priority to 
the solving of problems of non-voting Alaskans thousands of miles 
away. 

Historically, the Russians laid claim to Alaska and the Pacific 
Northwest as a result of its discovery in July, 1741, by a group of 
Russians led by a Danish sea captain, Vitus Bering. This party was 
in reality trying to find the Northwest Passage in reverse. The Rus- 
sians proceeded to exploit the Territory for its furs until it was pur- 
chased by the United States in October, 1867, for the sum of 
$7,200,000. 

As far as culture was concerned, the Russians did bring in the 
Russian Orthodox Church and today that continues to be the religion 
of a large portion of the native population. 

It wasn’t until gold was discovered in the Klondike in the latter 
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part of the 19th Century that Alaska was rediscovered. When the 
Gold Rush was over, so tragically unsuccessful to the vast majority 
of the prospectors, Alaska was not considered of any great importance 
until the Japanese attack on Pearl Harbor in 1941. As late as 1939, 
there was only one military installation in existence in the Territory 
of Alaska and that was a post of 200 Americans located near Haines 
at the head of the Inside Passage. World War II brought about a tre- 
mendous change in Alaskan life and this change has continued to 
grow ever since. 
GEOGRAPHY AND CLIMATE 


Physically, Alaska is both beautiful and monotonous. It varies 
from the endless ‘“‘Tundra” plains of the Arctic Slope to the magnifi- 
cent mountain country with its large virgin forests along the south- 
eastern coast. It has an area of approximately 586,400 square miles, 
about 1/5 of the United States, and a coastline of 34,000 miles. 

Basically, it is divided into three areas which are completely 
different from each other—the Southeast Coastal Area, the Central 
Plateau Region and the Arctic Slope Region. 

Insofar as climate is concerned, it is a land of contrast. Tem- 
peratures at Fort Yukon in the Central Plateau Areas have ranged 
from 100° above zero in the summer to —78° F. in the winter. Similar 
variations are found in Fairbanks, a thriving metropolis, with a maxi- 
mum temperature recorded as 99° above zero to a minimum of 66° 
below zero. As a matter of fact, when the writer was in Fairbanks 
last July the temperature was 90°. 


Because of the low temperature, a large portion of the Territory 
of Alaska contains permanently frozen ground called ‘“Permafrost”’. 
It is the existence of this permanently frozen ground that has resulted 
in engineering problems that are peculiar to the region. This is true 
not only in the field of Santary Engineering but in all phases of 
engineering. 

In the same way, rainfall varies greatly in this land of contrasts. 
Along the Southeasterly coast some areas have up to 180 inches per 
year. In the Central Plateau, rainfall varies from 12 to 15 inches 
per year and in the Arctic Slope Region it is less than 5 inches. 

Some of the temperature and rainfall variations in a few of the 
larger cities and towns are shown in the following table: 
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ADANIBILIE, il 

Aver. Temperature Annual 

Jan. July Min. Temperature Rainfall 
Ketchikan Soe 58° Si 
Sitka 328 S512 87” 
Juneau 28° Swit —15 83” 
Anchorage dA? aig —36 14” 
Kodiak 30° 54° 62% 
Nome — 3° 50° —47 18” 
Fairbanks —12° 60° —66 a 
Barrows —~17° 40° —56 De 

POPULATION 


In the 1950 Federal Census, Alaska had a population of 128,643 
persons. However it has been increasing so rapidly that by 1953 it was 
estimated that the population was in excess of 205,000, including mili- 
tary personnel. Ethnically speaking the 1950 population was made 
up as follows: 


Eskimo 15,882 
Indian 14,089 
Aleut 3,892 
Non-Whites 1,972 (Negroes, Japanese, Filipino, etc.) 
Whites 92,808 


In the native population, the number of males and females is 
equally divided, while in the white population males outnumber the 
females by 186 males per 100 females. The population is concen- 
trated in about three areas. In southeastern Alaska 28,200 persons 
live in an area of 34,400 square miles and here we find a considera- 
ble Indian population similar to our Indians of the northwest United 
States. Within a radius of 75 miles of Anchorage there are 38,500 
persons residing in about 18,000 square miles. This, one might say, 
is largely a white populated area. Within a radius of 20 miles of Fair- 
banks we find about 18,000 persons residing. Here again we find a 
prominently white population. The remaining 1/3 -of the population, 
approximately 44,000 persons, is spread over 500,000 square miles 
living in villages often containing less than 100 persons. Here we find 
the interior Indian, the Athabaskan, in the Central Plateau; the 
Aleut in the Aleutian Islands and the Eskimo in the Tundra and Cen- 


tral Plateau areas. 
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ENTERIC DISEASE IN ALASKA 


While sanitation needs are apparent to even the most casual ob- 
server, the effect upon health is difficult to measure statistically. The 
incidence of enteric diseases is probably one of the best indicators 
of poor sanitation. Unfortunately enteric diseases are not diagnosed 
because of the lack of medical personnel and are not reported when 
diagnosed. Thus, statistically they do not appear to be the problem 
they actually are. 

A survey made in four Alaskan villages of the causes of illness 
showed that intestinal upsets were in the magnitude of 18.9 per 
thousand people per month, compared with a similar survey made in 
a health district in Pittsburg of 2.3. 

The best material on the subject of Enteric Disease in Alaska is 
a paper that was presented at the Third Alaskan Science Conference 
in September, 1952, by Frank P. Pauls, Director of the Regional 
Laboratory of the Alaska Department of Health in Anchorage. 


SANITARY ENGINEERING IN ALASKA 


Since the beginning of World War II, when Alaska became so 
important to the United States for military purposes, a lot of study 
has gone into solving the problems of living in a frozen territory. A 
great amount of research has been done by the military forces as 
well as by civilian agencies and a great deal more needs to be done. 

I will not try to go into the details of the problems other than 
sanitation as a considerable amount of material has been published 
on the subject in various technical journals. 


PuBLIC WATER SUPPLIES 


A public water supply is defined by the Alaska Department of 
Health as one that supplies 25 or more people with water. However, 
an analysis of the statistics on the basis that there is a pipe distribu- 
tion system, the water is sold, or used on an interstate carrier, shows 
that there are only 34 systems serving municipalities having a popu- 
lation in excess of 100 persons. 

Only six of these systems could be considered satisfactory at the 
present time. Four or five additional systems would be capable of 
delivering satisfactory water if they were properly operated. 

In regard to water treatment, only the city of Fairbanks has a 
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water filtration plant and this is primarily for iron removal. Eighteen 
of the other supplies are chlorinated while Anchorage, the largest city 
in Alaska, not only chlorinates the water supply received from Ship 
Creek but started a program of fluoridation in May, 1954. Statistics 
relative to the various public water supplies are shown in Appendix A. 

Water for semi-public and private supplies is obtained from a 
number of sources. In some cases shallow wells and in others deep 
drilled wells are used. Deep drilled wells penetrate below permafrost 
to obtain water. In most cases where permafrost is penetrated the 
water apparently contains a large amount of organic matter often 
with objectionable quantities of iron and manganese. At some points 
where permafrost has been penetrated by deep wells along the coastal 
areas the water has been highly mineralized containing in one case 
as high as 86,000 parts per million of chlorides, making it unsuitable 
for water supply purposes. 

In many of the other communities that do not have public sys- 
tems, water is taken from either wells or rivers and is distributed by 
means of tank trucks. In some cases the operators of these tank 
truck services claim they chlorinate the water. However, the effec- 
tiveness of this chlorination practice is questionable. 

There are about 16 bottling water and beverage plants in oper- 
ation at the present time. Sample bottles are sent by the laboratories 
of the Alaska Department of Health to all known public water sup- 
ply systems so that the bacterial samples are collected and submitted 
to the laboratory at regular intervals. An effort is made also to have 
an inspection of each water supply system at least once a year by a 
Sanitary Engineer or a Sanitarian of the Department of Health. 

Present legislation is adequate to safeguard water supply systems. 
However, the lack of personnel makes it almost impossible to super- 
vise them satisfactorily. As a matter of fact, legislation even per- 
mits the Alaska Department of Health to order objectionable condi- 
tions corrected or necessary works installed. However, since only 28 
communities are incorporated, enforcement of that type of legislation 
is very difficult. Furthermore, it is not necessary to have basic legis- 
lation to establish a public water system. After a water system is 
established there is nothing to prevent the owners of the system from 
discontinuing services if they feel that the Alaska Department of 
Health is making too many demands upon them for needed improve- 
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ments. Therefore, legislation should be enacted requiring the ap- 
proval of the sources of supply, methods of treatment, etc., by the 
Alaska Department of Health for the establishment of municipal 
supplies and water companies. Once incorporated or established such 
systems would become public utilities and could not discontinue serv- 
ices at will if the best interests of the public were not served. 


PuBLIc SEWERAGE SYSTEMS 


Sewerage systems have been installed in about 15 communities, 
the sewage collected therein being discharged directly into rivers or 
tidal waters without treatment as there are no municipal sewage treat- 
ment plants at the present time. There are, however, several small 
sewage treatment plants that have been constructed for housing sub- 
divisions and the major Army and Air Force installations have treat- 
ment works. These latter works are not always competently operated 
and as a result large quantities of improperly treated sewage are dis- 
charged into streams and tidal waters. 

The majority of the outfall sewers discharging into the tidal 
waters terminate near the shoreline. Since the tidal range is approxi- 
mately 30 feet in some localities objectionable conditions occur dur- 
ing the low tide when sewage is deposited upon open tidal flats. 


INDUSTRIAL WASTE DISPOSAL 


The most important industrial waste disposal problem in the 
Territory is from the fish canneries located along the coastal areas. 
This industry cans salmon, halibut, herring, crab, shrimp and shell- 
fish. The plants are usually located along the beaches or constructed 
on pilings on the edge of tidal estuaries. Due to the curtailment of 
the fishing season only about 90 of the 200 existing canneries were 
in operation in 1954. At the plants it is customary to discharge the 
gurry and the washings from equipment and floors together with the 
sewage and other wastes directly into the tidal waters. Due to the 
wide tidal range this frequently causes objectionable conditions along 
the exposed flats. 

A new industry, the manufacture of paper pulp, has recently 
been started. A mill has been established on Ward’s Cove immedi- 
ately north of Ketchikan where the magnesium bisulphite method of 
paper pulp manufacture is being used. This modern mill cost approxi- 
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mately $54,000,000. In order to reduce the amount of industrial 
waste being discharged into Ward’s Cove a large portion of these 
wastes is evaporated and burned as fuel with recovery of some of the 
chemicals. Additional pulp mills are being considered in the Sitka, 
Juneau and Petersburg areas at the present time. 

Water pollution control studies have been made, principally at 
Ward’s Cove in the Ketchikan area, but these activities have been 
stopped since no appropriations are being made to continue the work. 


GOVERNMENTAL AID FOR WATER SUPPLY AND SEWERAGE 
DEVELOPMENT 


The Alaska Public Works Act authorized the Department of the 
Interior to make available $70,000,000 for the construction of public 
works in Alaska. This money can be used for the development of 
water supply and sewerage systems when dollar for dollar matching 
funds are made available by the local community. To date approxi- 
mately $30,000,000 has been appropriated for all types of public 
works under the original authorization. In addition to the matching 
fund provision, the Federal Government will buy the public works 
bonds issued by the municipality at 2% interest. 

The difficulty in the utilization of this money is due in part to 
the fact that there are only 28 incorporated municipalities in Alaska 
and many of the improvements are needed by the communities which 
are unincorporated and therefore do not have the financial ability to 
underwrite their portion of the loan. 

It was further noted that in certain cases Government agencies, 
either territorial or Federal, were establishing water supply systems 
without the approval of the source of supply or the distribution sys- 
tem by the Alaska Department of Health. It is a customary practice 
for Federal Government Agencies in the States to submit their plans 
to the proper authorities, namely the State Department of Public 
Health, for approval prior to installation. This approval of plans is 
particularly essential in Alaska since many Federal Agencies have 
constructed sanitary works and operated them for a period. Later the 
Agencies abandoned the responsibility for operation but the water and 
" sewerage systems continued in operation for the service of the remain- 
ing population. Thus, there is the creation of unapproved water sup- 
ply systems over which the Alaska Department of Health has little 
authority at a later date to correct unsanitary practices. 
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SANITATION IN PERMAFROST AREA 


The problem of housing, water supply, sewage and waste dis- 
posal is particularly critical in the low temperature areas known as 
the permafrost region. In approximately 60 per cent of the total area 
of the Territory, or 370,000 square miles, the ground remains frozen 
throughout the entire year at varying depths. This permafrost may 
extend from within a few feet of the surface of the ground to a depth 
of up to 1,000 feet or more. 

The depth at which permafrost starts below the surface of the 
ground depends to a large extent upon the type of cover material. In 
areas where the ground cover is thick with trees and moss it is proba- 
bly only a few feet below the surface during the summer months and 
in areas containing relatively little vegetation the permafrost recedes 
to a greater depth. However, during the winter months there is a 
seasonal frost penetration from the surface of the ground which may 
either make a direct contact with the permafrost level or permit a 
non-frozen layer between the frozen strata. For example, in the Fair- 
banks area the seasonal frost has frozen water in mains 10 feet below 
the surface of the ground although that is a rare occurrence. 

With permafrost in the ground it becomes difficult to construct 
stable foundations for buildings and various methods of foundation 
construction are being explored. The melting of the permafrost by 
heat losses from buildings causes unstable conditions so that many 
of the buildings are built upon wooden piles that have been inserted 
into holes drilled into permafrost. In one case refrigeration has been 
used to stabilize the soil under a foundation. 

The obtaining of water supply becomes a serious problem, 
especially locating suitable sources and obtaining ground water from 
wells where the frost extends to any considerable depth. Wells have 
been drilled successfully through this material. However, the drill- 
ing process is rather difficult and expensive since the temperature 
of the ground is constantly below freezing. making it necessary to 
heat with steam or some other means any liquid in the drill hole. 

The same difficulty arises in the disposal of sewage. When sewers 
are located in the permafrost area there is a danger that they will 
freeze or that the higher temperature of the sewage in the pipes will 


cause unstable soil conditions and thus cause failure in the sewer 
system. 
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The Sanitary Engineers at the Arctic Health Research Center 
have been making studies in the city of Fairbanks on the design of 
sewers. Figure 1 shows the results of a year’s study of the tempera- 
ture of the sewage, ground and air at one of the observation points. 
As a result of the study the sewerage system in Fairbanks is being 
modified in order to eliminate short lateral sewers which are liable 
to freeze easily. 

The Army, in the construction of their installations, has utilized 
the so-called “Utilidor”, which is simply an underground tunnel in 
which the sewer pipe, water mains, steam lines, electric and other 
utility conduits are placed, thus preventing the freezing up of the 
water and sewer pipes. However, the cost of the “Utilidor” is very 
great. While undoubtedly justifiable at a major Army installation or 
institution, it is not economically justifiable in the normal communi- 
ties. 

The problem of providing a satisfactory water distribution sys- 
tem in the permafrost area is a great one. However, the new water 
supply system for the city of Fairbanks is a fine example of what can 
be done as a result of extensive research and careful planning.* As 
a result of studies made by the engineers at the Arctic Health Re- 
search Center of the Public Health Service it was found that a nor- 
mal water distribution system could be utilized using a single main 
in the street but with continuous flow dual service pipes to each 
house. It was found that, if the water in the mains and service pipes 
were maintained at a velocity of not less than 2 feet per second by 
circulating pumps placed upon the distribution system, water could 
be distributed without freezing in the mains. The water from the city 
of Fairbanks is obtained from two gravel-packed wells through per- 
mafrost located near the Nenana River. The water pumped from the 
wells enters a filtration plant for iron removal, is chlorinated, and 
then pumped into the distribution system. During certain times of 
the year when the temperature of the water is near the freezing point 
it is possible to add heat to the water through a heat exchanger from 
an adjacent power plant. While in the design of the Fairbanks water 
system underground storage tanks were placed at various points upon 
the system for fire protection purposes, it seemed a little questionable 
and costly to use such tanks in place of elevated storage tanks. As 


*A description of the Fairbanks water supply system was published in Public Works Magazine in 


January, 1954. 
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a matter of fact, there is an elevated storage tank located at the 
Alaska Railroad yards within 4 mile of the muncipal water filtration 
plant which is successfully operated without freezing, 


Sanitary problems in the Tundra area occupied by the Eskimos 
along the westerly, northwesterly and northerly sections of Alaska 
are the most critical. The Eskimos are classified as natives with 
health and welfare facilities provided by the Alaska Native Service, 
the Alaska branch of the Indian Service of the Department of In- 
terior. The problem of the Eskimo is considerably different from that 
of the Indian in the States who lives on reservations. The Eskimo 
is an integral part of the community population enjoying full citi- 
zenship with the power of voting and the responsibility of paying 
taxes. He may live in villages along the coast or along the large 
Arctic rivers such as the Yukon and the Kuskokwim. These villages 
are small, usually without water supply or sanitary facilities. Water 
may be obtained directly from the river, collected in cisterns from 
roof water or obtained from the melted snow and ice. Due to perma- 
frost, toilet facilities are lacking. It is common practice to dispose 
of human wastes into 50 gallon oil drums and when they are full 
to cart them out upon the Tundra or throw them into the sea or 
river. 

Due to the scarcity of lumber in many of the areas houses are 
small, often underground and partly covered with earth in order to 
conserve fuel. The amount of living area is very small per person. 
Thus, the Eskimo has three major problems in the field of Sanita- 
tion, namely the difficulty in securing a safe water supply, the lack 
of proper sewage disposal measures and housing conditions that are 
not conducive to healthful living. 

Usually there is a schoolhouse in the village either operated by 
the Territory Department of Education or by the Alaska Native Serv- 
ice. However, many of the schoolhouses suffer the same lack of sani- 
tary facilities as the private home. 

The Eskimos residing along the coastal area during the fishing 
season frequently move en masse from their villages to establish fish- 
ing camps upon one of the major rivers in order to catch salmon and 
dry it for their own use and the use of the dog teams. The families 
move with most of their possessions in their open boats which are 
usually equipped with outboard motors. The sanitary conditions at 
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some of the fishing camps are poor, but in some cases they are better 
than those in the original villages. It was interesting to note that in 
some of the fishing camps the women had transported their gasoline- 
operated washing machines with them. 


BETHEL—A TYPICAL COMMUNITY IN PERMAFROST AREA 


Bethel is located in the permafrost area on the north shore of 
the Kuskokwim River some 80 miles above its mouth. It has a com- 
mercial airport as well as an auxiliary landing strip for smaller planes 
and is a deep water seaport for ocean-going boats. 

Bethel has a population of 651 and is headquarters for an area 
of about 80,000 square miles. The Alaska Native Service maintains 
a modern 69-bed regional hospital which was recently opened. The 
Territory Department of Education maintains a combined high school 
and grammar school, which is the only high school in the area. 

The water supply for this town is distributed by a private oper- 
ator by means of a tank truck. The water is pumped from the river 
into a wooden elevated tank at a point located about % mile down- 
stream from the village. From the wooden elevated tank the water 
flows into the tank truck and is then peddled to the residents. The 
water is discharged from the tank truck through a hose into 50 gallon 
drums (the cost of water in $1.50 per drum). This water is used by 
all the residents, at the schoolhouse, the National Guard Armory and 
was formerly used at the Alaska Native Service Hospital. 

Garbage and human wastes from the village are thrown into the 
river and flow downstream toward the water intake. In addition, the 
river has encroached upon the banks causing some of the bodies in 
the cemetery to be carried downsteam and on one occasion a report 
was circulated that the intake to the pump was stopped by an arm. 
While we are not so concerned about the danger of disease from the 
dead as from the living, this is not a very pretty picture. The oper- 
ator of this water service states that he puts a few drops of “‘Chlorox” 
in the tank on each trip but that is debatable. The service is main- 
tained during the winter months when the pump is moved out upon 
the ice in the river which is about four or five feet thick and water 
can be taken from a point nearer the town. 

When the new hospital was built a well was drilled some 467 feet 
deep at the hospital and water was successfully obtained from below 
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permafrost. Permafrost at that point was 427 feet in depth. The 
water from the well is pumped into storage tanks, then through sand 
pressure filters, then chlorinated and a satisfactory water supply is 
now available for the hospital. 

One other person in town, an airline pilot, has drilled a well about 
one mile from the hospital where permafrost was only slightly over 
100 feet in depth and this individual is just waiting for the installa- 
tion of a new electric generator to have a ground-water supply for 
his own house. Across the river at the commercial airport it was stat- 
ed that there was no permafrost in that immediate area. 

Bethel is an unincorporated village with few financial resources, 
especially among the native population. The Government agencies 
could improve the situation by providing a safe water supply at their 
own installations. For example, a well could be installed by the Ter- 
ritory School Department at the high school, or the Alaskan National 
Guard could install a well at their armory. The danger of drinking 
contaminated water would then be reduced if such wells were used as 
the source of water for the water cart service even if a distribution 
piping system was not installed. The Government Agencies have a 
definite responsibility to include a safe water supply and adequate 
sewage disposal facilities in their plans wherever buildings are con- 
structed. Obviously it is important to the Alaskan National Guard 
that their National guardsmen, who come from the village of Bethel 
and vicinity, be healthy and free from enteric disease if they are to 
be utilized in the defense of Alaska. 


Arctic HEALTH RESEARCH CENTER 


There are several Federal Agencies carrying on research in regard 
to the solution of specific sanitation problems which are complicated 
by low temperature and permafrost. One of the most important of 
these research groups is the Arctic Health Research Center of the 
U. S. Public Health Service. This Center is located in Anchorage al- 
though its activities are carried on in various parts of Alaska. It was 
created in 1948 to conduct a program of arctic scientific research and 
_to investigate health and sanitation conditions in Alaska. 

It is through this station that technical assistance is rendered to 
the Alaska Department of Health. As an example, the Center assigned 
three Sanitary Engineers to staff the regional offices of the Division of 


Sanitation and Engineering. 
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The writer in his visit to the research station was particularly in- 
terested in research on environmental problems. One of the principal 
reasons the station was established was to find solutions to arctic 
sanitation problems, particularly how water supplies and sewage fa- 
cilities could be developed in permafrost areas. The sanitation staff 
of the station consists of three sanitary engineers, a bacteriologist, an 
aquatic biologist, a chemist, a sanitarian (who is used principally for 
the preparation of research center reports) and a laboratory helper. 
One of the sanitary engineers has been assigned to the Alaska Depart- 
ment of Health office in Fairbanks as the Research Center in Anchor- 
age is not located in a permafrost area. 

Most of the sanitation staff have been working on Alaskan prob- 
lems for four or five years and appeared to be very competent in 
their field. One of the most valuable pieces of work done by the staff 
was the development of a method of water recirculation to prevent 
freezing in the water distribution systems. This was given a practical 
application by the installation of the new Fairbanks water system. 

Research has been conducted on the prevention of the freezing 
of sewage and sewerage systems, on the practicability of utilizing 
septic tanks and subsurface disposal works for small installations in 
permafrost areas and on the penetration of cold to determine the 
cause of freezing in sewers. Some research was also done on well con- 
struction and the prevention of freezing of water in wells located in 
permafrost. 

Extensive studies were made using chromogens as pollution indi- 
cators to determine the rate of travel in ground-water and the effect 
upon the quality of water in nearby wells. This work, however, was 
not done in a permafrost area. 


ARMY ENGINEERS PROJECT ‘“‘PERMAFROST”’ 


The Army Engineers Corps has a project called “Permafrost” 
located some five or six miles north of Fairbanks. Here studies are 
made upon the use of materials in airplane runways in a permafrost 
area, the effect of various types of soil cover upon the depth of per- 
mafrost below ground surface, methods of preventing freezing of 
water in wells drilled through permafrost, primarily through the use 


of compressed air, and the study of concrete and hollow tile founda- 
tion construction. 
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At the time of the writer’s visit possibility of undertaking a 
project on the study and effect of sewage and sewage flow in perma- 
frost was being considered. 

Again it appeared that if an active liaison could be maintained 
between the staff working at the various research centers undoubtedly 
the progress of the research program would be accelerated. Thought 
should be given to development of projects as joint ventures. For 
example, as stated before, the Arctic Research Health Center has been 
conducting studies on sewers, sewage disposal, etc., in permafrost in 
Fairbanks and at the University of Alaska, both areas being located 
within five miles of the Army “Permafrost” project. A joint venture 
in this project might be profitable at this time as the Army Engineers 
seem to have more funds available and the Arctic Research Center 
has professional personnel but inadequate funds. 


SANITATION PROBLEMS REQUIRING ADDITIONAL RESEARCH 


There are numerous problems in the field of sanitation that re- 
quire additional research. This same situation prevails in other parts 
of the world. However, specific problems relating to Alaska should 
be given an early priority. A few suggestions for needed projects are 
as follows: 

(1) Further study on sewage disposal for private homes and 
small installations by the use of a septic tank with subsurface dis- 
posal of the effluent in permafrost areas. 

(2) Research in regard to the proper slope for laying sewers and 
house connections in permafrost areas. 

(3) A study of community sewage disposal in permafrost areas 
by the use of the lagoon method. The writer feels that during the 
winter months such lagoons would be ice covered and during the 
summer months with the long daylight hours biological growth would 
be very prolific resulting in reasonably good purification of the 
sewage. 

(4) Research in regard to the use of sanitary landfill for the 
garbage and refuse disposal to determine if it is necessary to cover 
- the material during the extremely cold seasons of the year. 

(5) Study to determine the area required per person for health- 
ful housing in relation to fuel consumption and body comfort. 

(6) Study of the development of an aluminum housing unit. 
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There are approximately 8,000 Eskimos living in areas without wood 
being available readily for house construction, which would indicate 
that some other material should be developed that would be durable 
if not more economical to use. 

(7) A study of method of heating the homes of the Eskimo more 
effectively than present methods. For example, placing the heating 
unit below the floor level for better utilization of the heat. 

(8) A study of methods of sewage disposal in the arctic area 
for individual homes not having running water available. 
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APPENDIX B 
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1. Pauls, Frank P. Enteric Diseases in Alaska. 

2. Alter, Amos J. Relationships of Permafrost to Environmental Sanitation. 

3. Alter, Amos J. Water Supply Problems in Low Temperature Areas. 

4. Alter, Amos J. Arctic Sanitary Engineering. Federal Housing Administra- 

tion. 1950. 

Whitaker, Harold A. A Proposed Program of Research in Environmental 

Sanitation in Alaska. 1949. 

6. Alter, Amos J. Water Supply in Alaska. Tournal American Water Works 
Association. June 1950. 
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In addition, the reports of the various subcommittees of the Division of 
Medical Science of the National Research Council on various arctic sanitation 
- studies were reviewed as well as the biennial reports of the Alaska Department 
of Health and the latest biennial report of the Alaska Development Board en- 


titled ‘“‘Charting Alaska’s Progress”. 
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GRAPHICAL SOLUTION FOR TORSIONAL PROBLEMS 
HYDRODYNAMICAL ANALOGY 


By ALEXANDER WARGON* 


SYNOPSIS 

While torsional problems are very common in engineering, the 
lack of a general, elementary solution becomes a very serious handi- 
cap in practical engineering. 

Solutions are available in the literature for particular prismatic 
cross-sections, such as rectangular, circular, triangular and thin walled 
profiles, but no general solution for an arbitrary section is known. 

However, for an arbitrary section, the membrane analogy as a 
“model” of stresses has been found very useful (7, 8). An apparatus 
for the measuring of the lateral deflection of the membrane is required. 

The author presents in this paper a practical solution to the tor- 
sional problem, by a graphical method, which requires no special ap- 
paratus and whose degree of accuracy is, probably, of the same order 
of magnitude as in the soap-film membrane method. 


INTRODUCTION 

In general, the torsional problem of twisted bar of a constant, 
but arbitrary cross-section, is a three-dimensional problem. 

Saint-Venant (2) made an assumption with regards to certain 
stress components and found that the problem may be reduced to a 
plane one.** 

Solution of the two dimensional problem may be reduced finally 
to an integration of a differential equation, which, after introducing 
the so-called stress-function becomes 


Op 0 
~ + — = 268 (1) 
Ox" dy” 
. dd ab 
Function ¢ is defined by ts, = —— ; 7, = — 
dy Ox 
The torque Mr = 2Sf¢dxdy (2) 


*Structural Engineer, Linenthal & Becker, Engineers, Boston, Mass. 


**Assuming that there are no body forces. 
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While no general solution or expression for ¢ function is avail- 
able, equation (1) also defines laminar flow, deflection of a mem- 
brane loaded by uniformly distributed load and equal axial load, and 
has also an electrical analogy. 


This paper will be concerned with hydrodynamical analogy; that 
is, a flow through pervious materials. The laminar flow through per- 
vious materials is governed by Laplace’s equation, 


o*h 7h 
= =O 
Ox? dy” 


The solution for the flow through pervious soils (pervious ma- 
terial) was presented by Casagrande (3). A. Casagrande based his 
graphical solution of flow problems on Forchheimer’s solution of 
Laplace-equation (4). 


SOLUTION 
1. Laplace-equation and its graphical solution 
07a 07a 


Laplace-equation + = O represents two orthogonal 
Ox? dy~ 


families of curves. 

In hydromechanics, these lines are referred to as equipotential 
or equal-head lines and flow-lines (3, 5, 6). The actual number of 
lines which can be drawn is infinite, but for the purpose of drawing 
the “‘flow-net” (3, 5, 6), only a few are chosen in such a way that 
the following relationships occur: 

1. A q=cconst. The seepage between two neighboring 
flow lines is constant. 

2. Ah =const. The drop of head between two equi- 
potential lines is constant. 


A 
5 CONSE: 


Ah 
From the practical point of view, an important characteristic of 


q a 
the family of lines; is such that, if — = 1, the two families of curves 
form squares (3). 
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Presentation of the TORSIONAL PROBLEM in Form oj 


Laplace equation 
To present the torsional problem in the form of Laplace-equation, 


an algebraic transformation is required. 


die 


Oh Oh 
+ —— = —2Gé (4) 
Ox? dy” 
gen Oo 
let —2G@ = F therefore — + —_=F 
Ox? dy” 
F 06 0764 F 
and ¢ = ¢1 + — (x? + y”) hence = —+—; 
4 ax? ax? 2 
0° 0g" F 
= + — substituting into equation (4) 
dy” dy” 2 
1 F O*b1 F 
4 : + = F and finally 
dx” 2 dy” 2 
071 dg" 
iF =O which is Laplace equation. ‘ey, 
Ox? dy” 


3. Boundary Conditions 
The membrane analogy for the equation (1) is 
07h Oh? q 


} —— 
Ox” dy” S 
From the analogy we can conclude that ¢, which is analogous to 
“th” in membrane, is zero at the boundary and, therefore 


F 
$1 = — — (x* + y”) around the boundary 
4 


re F 
is equivalent to -— and equals to a constant; there- 


4 s 
fore, it provides only a scale for the deflected membrane. For sim- 
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F 
picity lets assume-—-— = ]. Hence, the magnitude of 41, at the 
4 


boundary, equals (x° + y*) or 1°, distance from the origin squared. 


Procedure 


Select mutually | axis x and y. 

Find values of ¢1, at the boundary [¢1], = Pa. 

Draw a flow-net, as suggested by Casagrande (3). 
Draw contour lines of a deflected analogous membrane. 


oe ea ae 


(¢ analogous to h). 
$= ¢1 + 1 (x? + y’) (6) 
e. Find the “scale” of the drawing corresponding to the torque 
Mr. Mr = n2sf¢ dxdy = n2V where 
V—Volume of the deflected membrane 
n—Scale factor 
therefore, the value of the scale factor will be indicated by 


Mr 
n= (7) 
2V 
f. Find corresponding stresses 
Ad Ad Mr Ad Mr 
xz, = nN OF txz = a — (8) 
Ay Ay eZ Ax 2 2N 


The volume V may be found by multiplying the average area 
between two contour lines by corresponding 4¢. One of the most im- 
portant features of the graphical presentation is that the maximum 
stress may be detected easily from the drawn contour lines. In gen- 
eral, the expression for shear in an arbitrary direction is as follows: 


Ad M, 
=e (9) 
Ai 2V 
The maximum stress will occur at the point of the closest contour 
lines. 2 
dn +1 —dn 7 
ng: == (10) 
Al 2V 


Where Mr and 2V are constant for a given section and torque. 
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5. Examples (see Figures 1-4) 


The examples presented in this paper are chosen so that a com- 
parison may be made with the solutions available in the literature. 
The sections are simple: square, circular and triangular. 


x 
Fied Model ot ticrigular Cross-section. 


Sometimes the flow net pattern is quite complicated; therefore, 
for the purpose of better visualizing of the graphical ‘‘picture’, the 
following suggestions are made: 

a. Prepare a model of the section in which the boundary condi- 
tion will be represented by heights of a wall perpendicular to the 
plane of section. (See Fig. 1). 

b. Stretch an elastic membrane at the boundary, by an approxi- 
mately equal force S. 

c. Using a pipette, place a few colored water-solution drops at 
the boundary. The path of the water flow will draw the correspond- 
ing flow lines. 

d. Directed by the flow lines on the model, draw the flow net as 
provided by point c. of the procedure. 


Note: No conclusions should be drawn from the errors present- 
ed with the examples, for the following reasons: 
a. The drawings are sketches only, and 
b. The volume V was evaluated approximately. 
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In general, no attempt was made in the paper to evaluate the 
magnitude of the error associated with a certain scale. This paper 
intends only to present the principle of the method, and to suggest 


a procedure. 
Mr 


Fi9.2. Twisted bar of recto nqular 


cross- section 


p-family of curves $,-fomily of curves. 


y 2 
pe p-n (x24 y4) . % = n(x +y) 9 @ boundary 
25 30 35 40745 50 
45 
4o =ApeS 
be Al=A5 un 
Vz1400 
n= Mr 
30 ~ Del Joo 


<2 Mr 
Tmar sys 2200 


10.0 units 


Compare with | p, 249} 
Timesherko 2. 


‘| 
ZI max: oes 3 
30 1205+ 525 


Mer 
Tmax* 0% 


error involves 


AAS 5.370 


10.0 units 


6. Conclusion 

The foregoing method is applicable for every irregular section 
and may be used wherever a solution is not readily available. 

The method further provides a “topographic picture” of stress 
distribution. It may have special importance for finding regions of 
stress concentration and the direction of maximum shear stress. 
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The method may well have special value to a designer for practi- 
cal purposes, because it may be used with no apparatus. (Which is 
not the case for soap membrane device.) Obviously, though, the 
method requires some experience. 


wi 


‘ 


My 


i 


x 


Fig. 3. Tutsted bar of circular cross-section 
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Mr 


WS 
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Fig. 4 Twisted bar of triangular cross-section. 
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The accuracy of the method depends entirely on the scale of 
the drawn section. Any accuracy required by the problem, therefore, 
may be obtained. This is also true for the regions of stress concen- 
tration only, as these may be magnified and the flow net subdivided 
to provide a more exact solution. 

In general, the use of the Forchheimer’s graphical solution pro- 
vides unlimited possibilities in the torsional problems. 
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NOTATIONS 


In general, the notations follow those used by Timoshenko in his 
books on Elasticity and Strength of Materials. 


Ta» — Shearing stress in ‘‘b” direction, acting on a plane per- 
pendicular to “a”. 
¢ — Stress function as defined in text. 
E 
G — Modulus of elasticity in shear, ———————_ 
G =2(1-v) 


E — Modulus of elasticity. 
v — Poisson’s ratio. 


6 -— Angle of twist per unit length. 
Mr — Torque. 

n — Scale factor. 

V — Volume of deflected membrane. 


x, y — Ordinates. 


Membrane analogy notations: 


h — Lateral deflection of membrane. 
q — Lateral uniform membrane loading. 
s — Axial uniform membrane loading. 


Ow 


nn > 
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